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(4)  Introduction 


The  clinical  outcome  is  generally  positive  for  patients  with  node-negative  breast 
carcinoma  (group-I)  who  have  been  treated  with  surgeiy  or  surgery  and  radiation  therapy. 
In  about  13%  of  the  patients  (Group-II),  however,  the  disease  recurs,  and  they  are  at  risk 
of  death.  The  aim  of  this  project  is  to  develop  a  panel  of  molecular  genetic  markers  for 
detecting  the  group  n  mammary  carcinomas  that  are  prone  to  developing  metastases  so 
that  they  could  be  treated  more  aggressively.  There  will  also  be  considerable  benefit  to 
the  women  with  group-I  mammary  carcinomas  that  are  not  likely  to  metastasize  (an 
estimated  87%).  These  women  could  then  be  treated  more  conservatively,  sparing  them 
the  considerable  physical,  mental  and  financial  costs  of  the  treatment  and  with  greater 
ease  of  mind  than  is  possible  today.  Genetic  tests  capable  of  identifying  patients  at  risk 
for  metastatic  spread  and/or  better  treatment  targeted  to  eradicate  metastatic  tumor 
deposits  could  have  a  dramatic  impact  on  the  overall  survival  of  these  patients.  The 
technical  objective  of  this  project  is  to  isolate  DNA  sequences  and/or  genes  whose  loss  of 
wild-type  function  represents  a  step  in  the  acquisition  of  metastatic  property  by  ductal 
mammary  carcinoma  cells.  To  accomplish  this  objective  we  have  used  representational 
difference  analysis  (Lisitsyn  et  al.  1993)  on  normal/primary  and  metastatic  archival  tissue 
samples  fi-om  patients  with  breast  carcinoma.  These  genetic  markers  could  be  useful  for 
differentiating  with  high  sensitivity  and  reliability  ductal  mammary  carcinomas  that  are 
prone  to  developing  metastases  fi’om  those  that  will  not.  In  addition,  further  knowledge 
of  the  genes  and  genetic  mechanisms  that  play  an  important  role  in  metastasis  could 
ultimately  lead  to  the  development  of  improved  therapeutic  procedures. 

(5)  Body 

Statement  of  Work  (3  years) 

Task.  1 ;  Isolation  of  differential  sequences  specific  to  breast  metastasis  using  RDA. 

i.  Collection  of  additional  tissues  of  ductal  mammary  carcinoma 
(DMC)  and  continuation  of  ongoing  RDA  product  characterization 
(Months  1-12) 

ii.  Confirmation  of  histopathology  of  tissues  before  LCM  (Months  1-24) 

iii.  LCM  of30  cases  ofDMC  tissues  with  normal,  primary  and 
metastasis  cell  components  (Months  2-30) 

iv.  RDA  of30  cases  ofDMC  (Months  1-14) 


Task  2. :  Characterization  of  the  differential  RDA  products. 

i.  Cloning  of  RDA  products  isolated  fi’om  the  loss  side  (Months  1-18) 

ii.  Sequencing  and  Southern  blot  analysis  of  the  clones  (Months  1-20) 

iii.  Homology  search  of  positive  clones  (Months  2-28) 

iv.  Northern  blot  analysis  of  the  significant  clones  fi-om  the  past  and  present  RDA 
experiments  (Months  6-25) 

V.  Isolation  of  complete  gene  sequences  (Months  6-25) 
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Task.  3;  Further  analysis  of  candidate  genes  of  metastasis. 

i.  Screening  the  metastasis-specific  genes  on  at  least  120  DMC 
cases  and  statistical  analysis  (Months  12-30) 

ii.  In  vitro  and  in  vivo  fimctional  assays  of  metastasis  (Monthsl2-30) 

iii.  Antisense  oligonucleotide-mediated  disruption  of  mRNA  translational 
studies  (months  18-34) 

iv.  Compilation  of  data  for  the  submission  of  final  grant  report 
(Months  33-36). 


Final  Year  Progress  Report: 

We  have  undertaken  all  experiments  that  were  proposed  under  each  task  and  following  is 
the  progress  of  the  work  done  so  far.  Please  note  that  we  now  named  markers  associated 
with  metastasis  as  Metastasis  Associated  DNA  Sequences  (MADS]  instead  of  Metastasis 
Associated  Gene  Sequences  (MAGS]. 


Task  1: 

In  order  to  isolate  metastasis  associated  DNA  sequences  (MADS)  we  have  used  genomic 
representational  difference  analysis  (RDA),  a  suWactive  hybridization  method  (Lisitsyn 
et  al.,  1993;  Li  et  al.,  1997),  on  human  breast  carcinoma  tissue  samples  (normal,  primary 
and  metastatic  tumor  tissues)  and  cell  lines  (low  and  high  metastatic  cells;  tumor  cells 
derived  from  human  primary  tumors  and  metastatic  lungs  developed  in  a  mouse  model). 
From  1 1  additional  EDA  experiments,  several  hundred  clones  were  isolated.  Using  “total 
probe”  method,  4  additional  clones  different  from  the  previously  isolated  11  MADS, 
were  identified.  Thus  bringing  the  total  number  of  unique  candidate  metastasis  associated 
DNA  sequences  (MADS)  to  15.  The  tissue  sections  of  12  out  of  20  selected  cases  were 
found  suitable  for  LCM  (Emmert-Buck  et  al.  1996).  Except  for  the  first  RDA,  all  the 
remaining  RDA  experiments  were  performed  by  comparing  DNA  samples  recovered 
fi'om  primary  and  metastatic  tumor  cells.  We  could  not  complete  RDA  of  the  remaining 
18  cases  (as  proposed)  so  far  because  of  two  difficulties.  Firstly,  each  RDA  experiment 
followed  by  cloning  and  characterization  of  the  differential  products  has  taken  much  of 
our  time.  Secondly,  we  found  that  some  of  the  archival  samples  are  not  suitable  for  LCM. 
Though  we  were  successful  in  performing  Single  Cell  Microdissection  (SCM)  on  some  of 
the  cases,  unfortunately  we  found  that  the  DNA  isolated  fi’om  these  microdissected  cells 
was  degraded  and  not  suitable  for  Representational  Difference  Analysis  (RDA) 
experiments. 
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Task  2: 


To  further  characterize  the  candidate  metastasis-specific  sequences  obtained  from  the 
first  set  of  RDA  experiments,  we  did  homology  search  and  also  localized  them  on  human 
chromosomes  by  using  GeneBridge  4  Radiation  Hybrid  panel  (Research  Genetics,  Inc.). 

RH  mapping  is  a  somatic  cell  hybrid  technique  that  was  developed  to  construct  high- 
resolution  contiguous  maps  of  mammalian  chromosomes.  The  distance  provided  by  this 
method  is  directly  proportional  to  the  physical  distance.  RH  mapping  uses  a  statistical 
program  (RHMAP)  that  will  provide  the  best  map  along  with  a  measure  of  the  relative 
likelihood  of  one  order  versus  another  (http:www.sph.umich.edu/group/statgen/software). 
The  RH  panel  of  93  radiation  hybrid  clones  represent  the  whole  human  genome.  This 
panel  is  a  subset  of  199  clone  panel  developed  by  Walter  et  al  (1994).  A  human  cell  line 
was  exposed  to  SOOOrad  of  X-rays  and  then  fused  with  thymidine-deficient  hamster 
recipient  cell,  creating  a  panel  of  hybrids  with  around  1000  kb  resolution,  of  sequences 
by  Radiation  Hybrid  mapping  (httD;//www-eenome.wi.mit.edu/cgi- 
bin/contig/rhmaPDerV  The  sequence  homologies  and  RH  mapping  results  of  the  MADS 
were  presented  in  Table  1 

Table  1.  The  length,  homology  search  and  RH  mapping  results  of  the  metastasis 
associated  DNA  sequences  (MADSs). 


MADSs 

Homology 

RH  mapping 

I 

205 

Chromosome  5  (97%) 
AC005915.1 

Not  successful 

n 

144 

Chromosome  21  (99%) 
AC010463.6 

Not  successful 

m 

277 

Chromosome  1  (97%) 
AL359265.8 

Not  successful 

185 

Chromosome  5  (98%) 
AC124857.2 

Chromosome  5;  Places  19.72  cR 
fromWI-6737 

220 

Chromosome  16  (98%) 
AC004234.1 

Not  successful 

VI 

242 

Chromosome  7  (97%) 
AC09333.1 

Not  successful 

vn 

190 

Chromosome  6  (98%) 
AL121935.17 

Chromosome  6;  Places  1.51  cR 
fromWI-3110 

vm 

170 

Chromosome  6  (82%) 
AC013429.12 

Chromosome  6;  Places  3.67  cR 
from  AFMA191WD1 

IX 

180 

Chromosome  10  (94%) 
AC022541.10 

Chromosome  10;  Places  5.66  cR 
fromD10S546 

X 

192 

Chromosome  15  (98%) 
AC104260.5 

Chromosome  15;  Places  1.71  cR 
fromD15S157 

All  the  groups  except  MADS-XI  (TG  repeat  sequence  group)  were  subjected  to  RH 
mapping  and  analyzable  data  was  obtained  for  only  5  groups.  Sequences  under  groups 
Vn  and  Vni  were  localized  on  chromosome  6  and  those  under  groups  IV,  IX  and  X  were 
localized  on  chromosomes  5*  10*  and  15*  respectively.  It  is  interesting  to  note  that  one 
of  these  putative  metastasis-specific  sequences  (MADS-  IX)  is  localized  on  chromosome 
10*  close  to  an  important  tumor/metastasis  suppressor  gene,  the  PTEN  (Li  et  al.  1997). 
This  increases  the  likelihood  that  this  sequence  plays  an  important  role  in  breast  cancer 
metastasis. 

Additional  MADS: 

The  following  4  new  MADS  have  been  identified  from  additional  RDA  experiments 
using  “Total  Probe”  method; 

MADS-Xn:  Product  size:  125bp;  96%  homology  with  BAG  clone  RP11-651C2  on 
chromosome  4. 

MADS-Xni:  Product  size:  212bp;  99%  homology  with  BAG  clone  RP11-452G13  on 
chromosome  7. 

MADS-XIV;  Product  size:  231  bp;  92%  homology  with  BAG  clone  AG000119  on 
chromosome  7. 

MADS-XV:  Product  size.  172bp;  95%  homology  with  BAG  clone  AL590825  on 
chromosome  6. 

Task  3: 

To  determine  if  these  MADS  are  indeed  associated  with  metastasis,  DNA  samples  were 
used  from  cells  recovered  with  the  SGM  and  LGM  methods  from  normal,  primary  and 
metastatic  tissue  samples  from  additional  patients.  These  DNA  samples  were  screened 
with  different  MADS  by  using  Southern  blot/PGR/FISH  methods. 

Further  characterization  and  screening  of  MADS-XI  on  additional  patient  samples: 

This  has  an  interesting  and  also  novel  pattern  of  TG/AG  repeats  (Fig.l).  Since 
dinucleotide  repeats  (TG/AG)  are  correlated  in  several  cancers  with  the  severity  of  the 
disease,  we  became  interested  to  screen  some  breast  cancer  patient  samples.  PGR 
screening  of  patient  samples  was  not  possible  due  to  TG  repeats.  Gonsequently  we  used 
the  sequence  as  a  a^V^CTP  probe  to  screen  a  Southern  blot  consisting  of  normal, 
primary  and  metastatic  cell  DNA  of  5  patient  samples  (Fig.  2).  The  results  showed  that 
MADS-XI  was  missing  in  the  metastatic  cell  DNA  of  4  out  of  5  patient  samples 
indicating  its  importance  in  metastasis.  These  results  were  published  in  “Gancer 
Detection  and  Prevention”  (Mukheijee  et  al  2003). 

FGATCTTAATCCGGGGAGTGGCGTATGTAGTAGAAGAGTCTGGATTTGAGTAGT 
GTATGGTAACGCCAG  (T-G)5  C  (T-G)4GTA  (1-0)20  (T-0)4T(T-0)3  0CA(T-O)30(T- 
0)2TATOO(T-0)30  (T-0)3A  (T-O)4OTOC0(T-O)2AOATACOT0O(T-G)30OO(T-O)6  O  (T-0)3 
O  (T-0)5  OTA  (1-0)2  O  (T-0)30  V. 
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Fig.  1.  Complete  MADS-XI  with  unique  sequence  (bold  letters)  and  enriched  with  TG 
repeats;  V=  vector  sequence 


Fig.  2.  Results  of  slot  blots  using  32P-CTP  probes  prepared  from  the  clone  #41  (MADS- 
XI)  on  normal  (N),  primary  (P)  and  metastatic  (M)  genomic  DNA  samples  from  5  ductal 
breast  carcinoma  patients.  In  cases  1,  3,  4,  and  5,  the  sequence  41  hybridized  to  normal 
and  primary  but  not  to  metastatic  cell  DNA,  probably  indicating  the  loss  of  this  sequence 
in  metastatic  ceil  DNA  of  these  cases.  Case  2  however  showed  signals  in  N/P/M  samples. 

Fiirthfir  chafacferi7ation  and  screening  of  MADS-IV  on  additional  patient  samples: 

To  determine  if  the  MADS  obtained  from  our  RDA  experiments  are  parts  of  functional 
genes,  RT-PCR  e)q)eriments  were  conducted.  Primers  were  designed  from  different 
MADS  and  used  on  normal  human  total  RNA  MADS-IV  showed  expression  of  the 
transcript  (Fig.  3). 


Fig.  3.  RT-PCR  of  normal  RNA  using  MADS-IV  primers  showing  that  the  gene  is 
expressing.  Lane  M:  DNA  marker  band;  Lane  1 :  Positive  control;  Lane  2:  Negative 
control;  3-4:  Total  RNA  from  normal  human  tissue  digested  with  DNAse  I. 


RT-PCR  results  showed  that  MADS-IV  is  an  expressed  sequence  (Fig.  3).  To  confirm 
this^  we  screened  multiple  tissue  RNA  Master  Blots™  (CLONTECH  Laboratories,  Inc.) 
using  MADS-IV  as  a  a32p-dCTP  probe.  Results  revealed  that  MADS-IV  eiqiresses  in 
mammary  gland  and  also  in  all  the  other  human  tissues,  but  not  in  non-human  RNA  or 
DNA  samples  (E.  coli  synthetic  poly  r(A),  yeast  tRNA  or  total  RNA,  or  Cotl  DNA), 
indicating  that  MADS-IV  is  a  part  of  a  human  gene  that  transcribes  commonly  in  human 
tissues  (Fig.  4).  This  reinforces  the  fact  that  this  MADS  is  part  of  a  fimctional  gene 
possibly  involved  in  breast  tumorigenesis/metastasis. 
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MADS-IV 


m-M'mMikm-*'. 

i^ll^ 


UBIQUITIN 


Fig.  4.  Results  of  Northern  hybridization  of  RNA  Master  Blot  (CLONTECH 
Laboratories,  Inc.)  using  MADS-IV  as  probe.  It  showed  expression  in  all  of  the  human 
tissues,  but  not  in  non  human  RNA  or  cDNA  (synthetic  poly  r(A),  yeast  tRNA  or  total 
RNA,  or  Cotl  DNA)  indicating  that  it  is  an  expressed  human  gene  sequence.  No 
significant  change  in  the  intensity  of  signal  was  noticed  in  breast  tissue  (Arrow) 
compared  to  the  remaining  tissues.  Ubiquitin  gene  was  used  as  an  internal  control  for 
normalization. 

While  screening  MADS-IV  on  DNA  samples  of  cell  lines  derived  from  normal  tissue  and 
primary  tumors  of  three  breast  carcinoma  patients  who  had  known  losses  in  specific 
chromosomal  regions,  we  fr>und  that  MADS-IV  was  missing  in  the  tumor  DNA  sample  of 
one  patient  cell  line  (Fig.  5).  PCR  screening  of  MADS-IV  in  additional  9  primary  tumor 
DNA  samples  with  matched  normal  tissue  DNA  samples,  received  from  Dr.  Wahab 
(Cairo  University),  we  observed  the  loss  of  MADS-IV  in  2  tumor  samples  (Tumors  6  and 
9).  The  intensity  of  the  PCR  product  for  MADS-IV  was  less  than  half  in  tumor  6 
compared  to  normal,  while  it  is  completely  missing  in  tumor  9,  which  indicates  that 
MADS-rV  probably  is  heterozygously  lost  in  tumor  6  and  homozygously  lost  in  tumor  9 
(Fig.  6).  Thus  far  MADS-IV  was  found  to  be  missing  in  3  tumors  out  of  12  tumors 
screened.  These  findings  are  in  the  process  for  communication. 


2.0  kb 

0.2  kb  ^ 


Fig.  5.  PCR  screening  of  4  MAGS  on  DNA  samples  of  paired  normal  cells  (lanes  with 
even  numbers  from  4-26)  and  primary  tumor  cells  (lanes  with  odd  numbers  starting  from 
5-27)  derived  from  three  breast  carcinoma  patients  with  loss  of  heterozygosity  for  a 
region  on  chromosome  lOq  encompassing  gene  PTEN.  Lanes  1:  2Kb  DNA  marker;  2: 
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Positive  control;  3;  Negative  control;  PCR  results  with  MAGS  X  with  product  size  of 
148bp  (lanes  4-9);  MAGS  Vni  with  product  size  of  171bp  (lanes  10-15);  MAGS  IV  with 
product  size  of  185bp  (lanes  16-21)  and  MAGS  n  with  product  size  of  144bp  (22-27). 
Lane  19  represents  tumor  cell  line  sample  of  a  patient  showing  absence  of  a  185  bp 
product.  G3PDH  internal  controls  are  not  shown  in  the  figure. 


m  6T  9N  9T 


MAGS-IV 

^-aciin 


Fig.  6.  PCR  screening  of  MADS-FV  on  normal 
(N)  and  tumor  (T)  DNA  samples.  Tumor  6 
showed  heterozygous  loss  and  tumor  9,  showed 
homozygous  loss  of  MADS-FV. 


Further  characterization  and  screening  of  MADS-IX  on  additional  patient  samples: 

The  RH  mapping  revealed  that  MADS-FX  is  localized  to  a  21cR  interval  between 
markers,  D105539  and  D10S549,  corresponding  to  human  chromosome  10  band  q21.1. 
To  determine  if  this  gene  is  close  to  I*TEN,  we  screened  4  tumor  cell  lines  and  matched 
normal  DNA  (the  first  3  tumor  cell  lines  had  known  losses  in  specific  chromosomal 
regions,  the  d***  cell  line  had  loss  of  homozygosity  of  PTEN  gene).  PCR  screening  of 
MADS-FX  and  I*TEN  showed  that  MADS-IX  is  present  in  all  the  4  tumor  cell  lines 
(HCC-1806,  HCC-1 143,  HCC-1428  and  HCC-1937),  especially  the  4*  cell  line.  PTEN  is 
present  in  3  cell  lines,  Wt  missing  in  the  4*  cell  line,  indicating  that  it  is  a  novel  DNA 
sequence  but  is  neither  a  part  of  PTEN  gene  nor  localized  in  the  homozygous  loss  region 
of  chromosome  lOq  arm  encompassing  PTEN  region  (Fig.  7). 


IN  IT  2N  2T  3H  3T  4N  4T 

tSObp 
556bp 
295bp 

Fig.  7.  PCR  screening  of  MADS-IX  on  normal  and  tumor  DNA  samples  fi-om  breast 
carcinoma  cell  lines  that  losses  in  specific  chromosomal  regions  (especially  the  4*  which 
had  loss  of  homozygosity  of  PTEN  gene),  showed  the  presence  of  MADS-IX  in  all  4  cell 
lines.  The  second  row  showing  the  presence  of  PTEN  in  the  normal  cell  DNA  but 
missing  in  the  tumor  cell  DNA  of  4“  cell  line  (4T  lane),  indicating  that  MADS-IX  is 
neither  a  part  of  PTEN  nor  localized  in  the  loss  region  of  lOq  which  encompasses  the 
PTEN  gene,  p-actin  was  used  as  an  internal  control. 

So  far  we  have  been  using  PCR  (Southern  slot-blot,  where  not  possible)  methods  for  the 
characterization  of  all  the  MADS  on  microdissected  normal,  primary  and  metastatic 
tumor  cell  DNA  samples.  One  of  the  main  problems  we  encountered  was  the 
inconsistency  in  the  PCR  results.  We  had  to  repeat  the  PCR  experiments  several  times  to 


MAOS-nC 

PTENi« 

JS-actitt 
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confirm  the  absence/presence  of  the  MADS  (partial  or  complete)  in  a  given  patient 
sample.  The  partially  appearing  PCR  bands  are  most  of  the  times  confusing  because  they 
could  be  partial  loss  or  a  possible  contamination  from  few  stromal  (normal)  cells  during 
microdissection.  We  therefore  proposed  to  screen  the  patient  samples  by  FISH.  This 
method  we  believe  is  more  reliable  method  to  differentiate  the  archival  tumors  that  did 
metastasize  fi-om  those  which  did  not.  Since  normal  and  tumor  cells  are  present  side  by 
side  in  a  primary  tumor  sample,  we  proposed  that  these  markers  should  be  present  in 
normal  cells  and  missing  (one  allele  or  2  alleles)  in  the  tumor  cells.  In  these  attempts  we 
used  MADS-IX  as  a  FISH  probe.  Generally,  FISH  requires  largCT  sized  probes  (pNA 
fi-agment:  1-lOOOkb).  Since  the  size  of  the  MADS-IX  is  only  ISObp,  we  designed 
primers  fi-om  the  BAG  clone  that  has  homology  with  MADS-I^  and  isolated  a  DNA 
fi-agment  sized  2  Kb  encompassing  the  MADS-IX  by  long-accurate  PCR  using  normal 
human  genomic  DNA  as  the  template.  This  2  Kb  MADS-IX  is  used  as  a  FISH  probe  to 
localize  on  human  metaphase  chromosomes  to  determine  that  MADS-IX  is  a  human 
sequence  and  not  an  artifact.  We  labeled  MADS-IX  with  spectrum  green  (Vysis)  and 
probed  on  human  metaphase  chromosomes  (Fig.  8).  The  results  showed  that  MADS-IX 
is  localized  on  chromosomelO  at  q21  region  (close  to  centromere  on  the  long  arm). 


Fig.  8.  Localization  of  MADS-IX  on  human  metaphase 
chromosomes.  Centromere  of  chromosome  8  was  used  as  a 
positive  control  probe.  MADS-IX  was  found  to  localize 
aroimd  10q21  cWmosome  region  (close  to  centromere). 
Both  the  MADS-IX  and  CEP-8  are  labeled  with  spectrum 
green  (Vysis). 


To  determine  if  this  MADS-IX  is  indeed  associated  with  metastasis,  DNA  was  used  fi-om 
cells  recovered  with  the  LCM  method  fi-om  normal,  primary  and  metastatic  tissue 
samples  fi-om  5  additional  patients.  These  samples  were  screen^  by  PCR  using  primers 
designed  for  MADS-IX.  As  shown  in  the  figure  9,  MADS-IX  was  present  in  normal  cell 
DNA  samples  of  all  the  5  patients  but  the  intensity  of  signal  was  less  in  the  primary 
tumor  cell  DNA  samples  from  2  patients  and  totally  undetectable  in  the  metastatic  cell 
DNA  of  these  two  patient  samples,  suggesting  a  loss  of  this  gene  sequence  during 
progression  to  metastasis.  This  analysis  revealed  that  MADS-IX  was  lost  in  the  transition 
fi-om  normal  to  primary  to  metastasis  in  2  of  5  cases  (3  of  6  cases  if  the  case  used  in  the 
RDA  assay  is  included).  The  fact  that  it  was  present  in  primary  tumor  cells,  but  missing 
in  lymph  node  metastatic  cell  foci  strongly  suggests  that  this  is  a  maika-  for  a  novel 
metastasis  suppressor  gene.  These  findings  were  published  in  “Breast  Cancer  Research” 
(Achary  et  al  2003). 
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Fig.  9.  PCR  screening  of  MADS  K  on  normal, 
primary-  and  metastatic  cell  DNA  samples  of  5 
patients.  PCR  results  showing  the  target  DNA  band 
(180bp)  missing  in  the  metastatic  cell  DNA  of 
patients  1  and  3  (M  lane).  P-actin  as  an  internal 
control. 


Identification  of  loss  of  MADS-DC  on  primary  tumors  by  FISH; 

Since  our  long  term  goal  is  to  screen  the  MADS  as  FISH  probes  on  primary  tumor  tissue 
sections  to  predict  if  that  primary  tumor  is  prone  to  developing  metastasis  or  not,  we 
made  an  attempt  to  screen  MADS-IX  as  a  FISH  probe  on  normal  tissue  and  primary 
tumor  tissue  sections  of  a  patient  who  developed  metastasis.  We  labeled  chromosome  8 
centromere  (positive  control)  with  orange  red  and  MADS-IX  with  orange  green  and 
screened  normal  tissue,  primary  tumor  and  positive  lymph  node  tissue  sections.  Normal 
tissue  section  showed  several  red  and  green  signals  but  the  cell/nuclear  morphology  was 
not  clear  due  to  lot  of  fat  around  the  cells.  In  the  primary  tumor  tissue  sections,  as 
expected  the  tumor  cell  nuclei  were  much  larger  than  the  normal  cell  nuclei  and  the  FISH 
signals  were  clearer  than  that  of  the  normal  cell  nuclei.  Since  we  used  2  probes,  we 
expected  3  patterns  of  labeling  signals  in  the  nuclei  (presuming  the  centromere  of 
chromosome  8  is  not  lost  in  these  tumors),  (i);  2  reds  and  2  greens,  if  it  is  a  normal  cell 
nucleus  or  a  tumor  cell  nucleus  that  did  not  lose  MADS-IX;  (ii):  2  reds  and  1  green,  if 
there  is  heterozygous  loss  of  MADS-EX;  (iii):  2  reds  and  no  green,  if  there  is  homozygous 
loss  of  MADS-DC.  As  shown  in  figure  10,  we  observed  clearly  all  the  three  patterns  in  the 
primary  tumor  section.  Out  of  50  cells  observed  in  the  primary  tumor  section,  26  clearly 
were  of  first  pattern  (normal),  20  were  of  second  pattern  and  3  of  third  pattern.  Similar 
FISH  in  the  positive  lymph  node  tumor  section  of  the  same  primary  tumor  showed  more 
pattern  3  cells  rather  than  pattern  2  cells.  On  the  other  hand  in  the  primary  tumor  that  did 
not  develop  metastasis,  out  of  50  cells  observed,  interestingly  we  did  not  record  any  cell 
that  belonged  to  pattern  3  and  only  3  cells  that  showed  pattern  2  (loss  of  heterozygosity). 
These  results  are  promising  but  due  to  lack  of  proper  morpholo^  of  cells/nuclei  in  these 
tumor  tissue  sections,  we  found  it  difficult  to  use  this  strata  satisfactorily  (Fig.  10). 
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Fig.  10.  Localization  of  MADS-IX  in  different  cells  of  primary  tumor  tissue  section. 
Chromosome  8  centromere  (positive  control  with  red  signals)  was  labeled  with  spectrum 
orange  and  MADS-IX  with  spectrum  green  (green  signals).  3  patterns  of  labeling  signals 
in  the  nuclei  were  observed:  (i):  2  reds  and  2  greens,  if  it  is  a  normal  cell  nucleus  or  a 
tumor  cell  nucleus  (right  side  top  inset)  that  did  not  lose  MADS-IX;  (ii):  2  reds  and  1 
green  (left  lower  inset),  if  there  is  heterozygous  loss  of  MADS-IX;  (iii):  2  reds  and  no 
green,  if  there  is  homozygous  loss  of  MADS-IX  (left  top  inset). 

Touch  preparations: 

We  used  a  simple  FISH  procedure  namely,  touch  preparations,  to  substitute  the  tumor 
tissue  section  method.  In  this  method,  the  tumor  tissue  material  was  exposed  by 
trimming  of  the  paraffin  material  fi-om  the  block  and  then  by  touching  the  tumor  tissue 
side  at  several  places  on  a  slide,  the  cells  were  attached  fi-om  the  tumor  tissue  block  on  to 
the  slide  surfece.  Conventional  methods  were  used  to  fix  the  cells  followed  by  standard 
FISH  procedure.  We  used  3  cases  of  primary  tumors  that  developed  metastasis  (positive 
lymph  nodes)  and  another  3  that  did  not  develop  metastasis.  As  shown  in  the  figure  11, 
the  nuclei  and  presence/absence  of  signals  are  clear  and  significantly  superior  than  the 
tumor  tissue  section  method.  The  results  in  the  following  table  indicate  that  the  MADS- 
IX  could  be  used  as  a  promising  marker  to  differentiate  Groups  I  and  n  primary  breast 
tumors  that  do  and  do  not  develop  metastasis  respectively. 

Group  I:  (+  LNs):  No  loss:  54%;  Heterozygous  loss:  38%;  Homozygous  loss:  8% 

Group  H:  (-  LNs):  No  loss:  80%;  Heterozygous  loss:  20%;  Homozygous  loss:  0% 
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Fig.  11.  Collection  of  cells  from  different  parts  of  a  slide  prepared  from  a  primary  tumor 
touch  preparation  that  had  positive  lymph  nodes.  MADS-DC  was  labeled  with  spectrum 
orange  and  cetromere  of  chromosome  8  (reference)  was  labeled  with  spectrum  green. 
While  most  of  the  nuclei,  show  no  loss  of  red  signals,  a  nucleus  at  4  O’clock  position 
shows  loss  of  heterozygosity  (1  red  signal)  and  a  nucleus  at  6  O’clock  position  shows 
loss  of  homozygosity  (no  red  signals). 


Evaluation  of  metastatic  potential  MAGS/MADS: 

To  evaluate  the  metastatic  potential  of  a  gene,  we  developed  a  mammary  fat  pad  (MFP) 
SCID  mouse  model  (Fig.  12).  We  used  435  cells  transfected  with  a  metastasis  suppressor 
(nm23)  gene  and  a  metastasis  promoter  (ErbB2)  gene  and  successfully  examined  the 
primary  tumors  and  lungs  in  this  model.  MDA-MB-435  transfected  with  nm23/ErbB2 
and  vector  only  transfected  cells  were  injected  (@1X10^  cells)  in  a  volume  of  100  pi  of 
DMEM  without  serum  into  the  right  sub-axillary  MFPs  of  anesthetized  5-  to  6-week-old 
female  SCID  mice.  Five  mice  each  were  used  for  transfected,  vector  only  and  parental 
non-trasfected  435  cells  as  a  control.  Tumor  sizes  were  monitored  a  week  after 
inoculation  of  tumor  cells.  When  the  mean  tumor  diameter  reached  1.0  cm,  tumors  were 
surgically  removed.  Six  weeks  later  the  animals  were  sacrificed  and  lungs  were 
examined  ft)r  visible  metastatic  foci  and  counted.  While  mice  injected  with  nm23 
transfected  cells  showed  very  few  metastatic  foci  in  the  lungs  compared  to  the  control, 
those  injected  with  cells  transfected  with  ErbB2  showed  large  number  of  metastatic  foci 
compared  to  the  control.  These  results  suggest  that  our  mouse  model  is  working 
satisfactorily  in  our  hands.  Animals  were  maintained  under  the  guidelines  of  the  NIH  and 
approved  protocols  of  lACU  Committee  of  AECOM. 

Similarly,  we  are  planning  to  transfect  B AC/MADS  into  435  cells  and  evaluate  the 
metastatic  potential  of  MADS  containing  BACs.  We  identified  14  BAGS  that  contain 
corresponding  14  MADS  using  gene  bank  search.  The  candidate  BACs  will  be  retrofitted 
with  a  selectable  marker  mo  and  then  introduced  individually  into  metastatic  human 
mammary  MDA-MB-435  tumor  cells  following  the  procedure  described  by  Mejia  and 
Monaco  ( 1 997)  to  detatnine  their  potential  in  the  inhibition  of  metastasis. 
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In  Vivo  metastasis  assay 


Fig.  12.  In  Vivo  Spontaneous  Metastasis  Model; 
The  left  panel  represents  the  mouse  injected  with 
control  cells  (highly  metastatic)  and  right  panel 
with  cells  transfected  with  a  gene  which  has  the 
potential  to  inhibit  or  reduce  metastasis. 


(6)  Key  Research  Accomplishments: 

•  Fifteen  candidate  metastasis-specific  DNA  sequences  in  breast  carcinoma  have 
been  isolated.  Some  of  them  were  localized  on  human  chromosomes  by  RH 
mapping  and  FISH  methods. 

•  A  candidate  sequence,  MADS-IV  was  found  to  be  missing  in  one  of  the  three  breast 
carcinoma  patient  tumor  cell  lines,  vddch  had  mutations  in  the  gene  PTEN. 

•  RT-PCR  and  Dot/Northem  blot  experiments  indicated  that  MADS-IV  is  an  expressed 
sequence. 

•  Screening  of  human  multiple  tissue  Northern  blot  experiments  reinforced  the  feet  that 
MADS-IV  is  an  expressed  sequence.  Its  expression  in  human  breast  tissue  RNA  besides 
other  tissue  RNA  sanq>les  indicated  that  the  e>q}ression  of  MADS-IV  is  not  breast  tissue 
specific. 

•  Two  additional  MADS  have  been  isolated  namely,  MADS-IX  (Achary  et  al  2003)  and 
MADS-XI  (Mukheijee  et  al  2003)  that  were  found  to  be  missing  (partial/complete)  in 
primary/metastatic  cell  DNA  of  some  patients  other  than  the  index  cases. 

•  Screening  of  MADS-IX  on  different  tumor  cell  lines  (one  of  them  had  homo2ygous  loss 
of  PTEN  gene)  revealed  that  MADS-IX  is  an  entirely  separate  genetic  segment  and  is 
neither  a  part  of  PTEN  gene  nor  localized  in  the  homozygous  loss  region  of  chromosome 
lOq  arm  encompassing  PTEN  region.  Therefore  it  could  be  a  novel  gene  sequence  on 
chromosome  10,  associated  with  metastasis  (Achary  et  al  2003). 


•  Attempts  were  made  to  replace  PCR  method  with  Fluorescence  in  situ  hybridization 
(FISH)  for  screening  MADS  on  primary  tumor  tissue  sections.  Screening  of  MADS-DC 
in  50  cells  from  the  primary  tumor  that  had  positive  lymph  nodes  showed  27  cells  with  no 
loss  of  MADS-IX,  20  cells  wifli  loss  of  heterozygosity  and  only  3  cells  with  loss  of 
homozygosity.  On  the  other  hand,  the  primary  tumor  wi&  negative  lymph  nodes  showed 
47  cells  with  no  loss,  only  3  cells  with  loss  of  heterozygosity  and  none  with  loss  of 
homozygosity.  These  results  indicate  die  potential  of  the  MADS-K  as  a  FISH  probe  in 
identif^g  the  primary  tumors  that  did  and  did  not  develop  metastasis.  However  we  did 
not  find  consistency  in  the  results  due  to  overl^ping  of  cells  and  unclear  cellular/nuclear 
margins  in  the  tumor  tissue  sections. 

•  Similar  studies  with  tumor  cell  touch  preparations  using  MADS-IX  as  FISH  probe 
however  were  satisfactory.  While  group  I  tumors  with  +  LNs  showed  cells  with  no 
loss  of  MADS-IX  in  54%;  heterozygous  loss  in  38%  and  homozygous  loss  in  8% 
cells/nuclei,  group  n  tumors  with  -  LNs,  on  the  other  hand  showed  cells  with  no 
loss  of  MADS-IX  in  80%;  cells  with  heterozygous  loss  in  20%  and  none  with 
homozygous  loss.  Based  on  the  studies  performed  using  these  6  cases  of  breast 
carcinoma,  we  found  that  MADS-IX  could  be  used  as  a  candidate  DNA  marker  to 
differentiate  tumors  that  developed  metastasis  (positive  lymph  nodes)  from  those  that  did 
not  (negative  lymph  nodes). 

•  The  tumoiigenesis  cum  metastasis  SCID  mouse  model  was  developed  and  used 
successfully  with  the  MDA-MB-435  breast  carcinoma  cells  fransfected  with  a  metastasis 
suppressor  (nm23)  and  a  metastasis  promoter  (EibB2)  (Zhao  et  al  2003;  submitted).  The 
incidence  of  low  number  of  lung  metastatic  foci  in  lungs  in  mn23  transfected  e?q)eriments 
and  incidence  of  a  large  number  of  metastatic  foci  in  the  lungs  of  ErbB2  transfected 
experiments  compared  to  controls  suggest  that  our  mouse  model  is  working  satisfectorily. 

•  After  evaluating  the  metastatic  potential  of  the  cell  lines  transfected  with  nm23  and 
ErbB2  genes,  we  subjected  them  to  cDNA  microarray  experiments.  These  experiments 
revealed  several  known/novel  genes/ESTs  fiiat  are  associated  with  nm23-directed 
metastasis  suppression  (Zhao  et  al  2003;  submitted)  and  ErbB2  directed  metastasis 
promotion  (Xue  et  al;  in  preparation)  some  of  which  may  be  used  as  drug  targets. 

7)  Reportable  outcomes: 
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(8)  Conclusions: 


Breast  metastasis  disease  is  a  complex  process  involving  multiple  steps  and  therefore 
global  genetic  profiling  studies  of  metastatic  (13%;  group  I)  and  non  metastatic  (87%; 
Group-n)  tumors  are  required  to  elucidate  this  process.  In  order  to  isolate  markers  for 
breast  metasatsis,  we  have  used  several  powerful  technical  resources  to  isolate  molecular 
genetic  markers  specific  to  breast  metastasis.  Archival  tissue  samples  were  used  to 
retrospectively  correlate  the  molecular  markers  with  the  clinical  outcome  of  patients. 
Pure  populations  of  tumor  cells  without  contamination  of  stromal  cells  were  isolated  by 
single  cell  and  laser  capture  microdissection  methods.  Representational  difference 
analysis  (RDA)  method  was  used  to  isolate  metastasis-specific  genetic  markers  by 
comparing  normal,  primary  and  metastatic  cell  populations.  Fifl:een  candidate  MADS 
have  been  isolated  from  12  RDA  ejq>eriments.  Three  of  them  (MADS-IV,  IX  and  XI) 
were  found  to  be  promising  markers  for  breast  metastasis.  RH  mapping  and  homology 
search  results  indicated  that  MADS-IX  is  present  close  to  PT^  gene  on  10  q 
chromosomal  arm.  Screening  of  MADS-IX  on  different  tumor  samples  and  tumor  cell 
lines  (one  of  them  with  homozygous  loss  of  PTEN  gene)  revealed  that  MADS-IX  is 
neither  a  part  of  PTEN  gene  nor  localized  in  the  homozygous  loss  region  of  chromosome 
lOq  arm  encompassing  PTEN.  Our  attempts  to  supplement  the  PCR  method  with 
Fluorescence  in  situ  hybridization  (FISH)  for  screening  MADS  on  primary  tumor  tissue 
touch  preparation  cells  were  successful.  The  results  indicate  the  potential  of  the  MADS- 
IX  as  a  FISH  probe  in  distinguishing  the  primary  tumors  that  did  and  that  did  not  develop 
metastasis.  A  tumorigenesis  cum  metastasis  SCID  mouse  model  has  been  developed  and 
was  successfully  used  to  evaluate  the  metastatic  potential  of  MDA-MB-435  breast 
carcinoma  cells  transfected  with  a  metastasis  suppressor  gene  (nm23)  and  a  metastasis 
promoter  gene  (ErbB2).  After  the  evaluation  of  the  MDA-MB-435  cells  transfected  with 
nm23  and  ErbB2  genes,  they  were  subjected  to  cDNA  microarray  studies  which  resulted 
in  the  discovery  of  several  Imown/novel  genes  associated  with  nm23  mediated  metastasis 
inhibition  and  ErbB2  mediated  metastasis  promotion  and  identification  of  drug  targets. 
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Abstract 


Background;  Molecular  genetic  markers  to  identify  the  13% 
lymph  rtode-negative  mammary  carcinomas  that  are  prone  to 
develop  metastases  v/ould  clearly  be  of  considerable  value  in 
indicating  those  cases  in  need  of  early  aggressive  therapy. 

Methods:  Representational  difference  analysis  was  used  in  an 
attempt  to  identHy  genetic  alterations  related  to  breast  cancer 
metastasis  by  comparing  genomic  DNA  from  microdissected 
normal  cells  and  from  metastatic  cells  of  ductal  breast 
cardnoma  patients. 

Results:  Representatior^al  difference  analysis  products  yielded 
1 0  unique  metastasis-assodated  DNA  sequences  (MADS),  Le. 
products  apparent^  lost  in  metastatic  cell  DNA.  Of  these 
sequences,  MADS-IX  was  found  to  be  lost  In  the  transition 
from  primary  to  metastasis  in  two  out  of  five  ductal  breast 


cardnoma  cases.  This  sequence  was  localized  on 
chromosome  1(}q21  by  radiation  hybrid  mapping  and 
fluorescence  in  situ  hybridizatbn.  The’  PTEN  gene,  which  is 
also  located  on  diromosome  1 0q,  was  detected  to  be  present 
by  PCR  in  all  five  cases.  On  the  contrary,  a  breast  cardnoma 
cell  line,  HCC-1937,  which  has  homo^gous  loss  of  a  region 
encompassing  the  PTEN  gene,  showed  the  presence  of 
MADS-IX.  PCR  screening  of  three  additional  breast  carcinoma 
cell  lines  with  known  bsses  in  specific  chromosomal  regions 
also  showed  the  presence  of  MADS-IX. 

Conclusion:  These  data  suggest  that  MADS-IX  possibly  is  part 
of  a  novel  candidate  metastasis-assodated  gene  located  dose 
to  the  PTEN  gene  on  chromosome  lOq.  The  first  set  of  PCR 
screening  in  five  patient  samples  indicates  that  it  could  be  used 
as  a  molecular  marker  for  ductal  mammary  metastasis. 


Keywords:  archtval  tumor  samples,  mammaiy  carcinoma,  metastasis,  molecular  markers,  representational  difference  analysis 
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Introduction 

The  ciinicai  outcorne  is  generally  positive  for  patients  with 
node-negative  breast  carcinoma  (i.e.  those  patients 
without  detectable  metastases  in  the  lymph  nodes)  who 
have  been  treated  with  surgery  or  with  surgery  and  radia¬ 
tion  thersqsy.  The  disease  spreads  fri  about  13%  of  the 
patients,  however,  and  their  lives  are  at  risk  of  death  [1  ~3]. 
Genetic  tests  capable  of  identi^ing  patients  at  risk  for 


metastatic  spread  and/or  better  treatment  targeted  to 
eradicate  metastatic  tumor  deposits  could  have  a  dramatic 
impact  on  the  overall  survival  of  these  patients. 

The  construetbn  of  a  panel  of  molecular  genetic  markers 
for  identifying  the  13%  lymph  node-negative  mammary  car¬ 
cinomas  that  are  prone  to  develop  metastases  [3]  woukJ 
be  valuable  in  indicatbg  those  cases  in  need  of  early 


bp  =  base  pairs;  RSH  —  flucvescence  in  situ  l^bridizafion;  LCM  =  laser  capture  microdissection;  MADS  =  metastasb-associated  DNA  sequences; 
NCBI  =  Natbna!  Center  for  Biotechnology  Information;  PCR  =  polymerase  chain  reaction;  RDA  =  representational  difference  analysis;  SCM  = 
single  ceB  microdissectfon;  STS  =  sequence  tagged  sites. 
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aggressive  therapy.  There  would  also  be  considerable 
benefit  to  the  87%  of  women  with  mammary  carcinomas 
who  are  not  likely  to  metastasize  by  sparing  them  the  physi¬ 
cal,  mental  and  financial  costs  of  the  treatment.  In  addition, 
further  knowledge  of  the  genetic  mechanisms  that  play  an 
important  role  in  metastasis  could  ultimately  lead  to  the 
development  of  improved  therapeutic  procedures. 

The  evidence  for  the  role  of  gene  alterations  in  promoting 
metastasis  in  general,  and  in  mammary  carcinomas  in  par¬ 
ticular,  is  still  accurriulating.  It  is  probable,  however,  that 
like  tumorigenicity  suppressor  genes  and  oncogenes 
many  more  genes  involved  in  metastasis  remain  to  be  dis¬ 
covered  since  the  process  is  complex,  involving  a  large 
number  of  pathways  [4],  Most  of  the  known  genetic  mech¬ 
anisms  involved  in  the  progression  of  a  tumor  to  the 
metastatic  state  involve  the  loss  of  function  of  genes  that 
prevent  cells  from  becoming  invasive.  These  are  similar  to 
tumorigenicity  suppressor  genes,  whose  loss  of  wild-type 
growth  regulatory  function  leads  to  unregulated  or  malig¬ 
nant  growth.  Similarly,  the  wild-type  metastasis  suppres¬ 
sor  genes  regulate  the  cell’s  mobility  and  its  response  to 
environmental  messages,  presumably  keeping  most  cells 
localized  and  differentiated.  Mutation  or  complete  loss 
(deletion)  of  the  wild-type  counterpart  of  any  such  gene  in 
a  malignant  cell  may  make  that  cell  more  motile,  invasive 
or  metastatic.  In  particular,  mutations  of  genes  regulating 
cell  adhesion  molecules  have  been  reported  to  be  metas¬ 
tasis-fostering  alterations  [5-8].  In  human  breast  cancers, 
several  other  genes  have  been  found  to  be  associated  with 
metastasis,  namely  nm23  [9,10],  KAI1  [11,12],  mta1  [13], 
KiSS1  [14],  PTENfMMACI  [15,16]  and  BRMS1  [17]. 

Representational  difference  analysis  (RDA),  a  DNA  sub¬ 
tractive  hybridization  method  [18],  was  used  in  the 
present  study  to  test  the  working  hypothesis  that,  to 
achieve  the  metastatic  state,  primary  mammary  carcinoma 
cells  must  acquire  genetic  changes  in  addition  to  those 
changes  that  led  to  transformation.  With  the  RDA  method, 
DNA  from  normal  cells  was  compared  with  that  of  the 
metastatic  cells  of  the  same  patient.  The  recovered  differ¬ 
entia!  sequences  were  then  mapped  on  human  chromo¬ 
somes  and  used  to  screen  DNA  samples  from  normal, 
primary  and  metastatic  cells  of  five  additional  ductal 
mammary  carcinoma  patients  to  determine  whether  these 
sequences  were  consistently  associated  with  metastasis. 

Materials  and  methods 

Tissue  samples  and  cell  lines 

Normal  breast  tissue  and  lymph  nodes  with  metastatic 
cells  of  a  52-year-old  patient  (C-1050)  with  ductal 
mammary  carcinoma  were  provided  by  the  Cooperative 
Human  Tissue  Network.  Additional  matched  normal, 
primary  and  metastatic  tissue  samples  were  collected 
from  four  patients  (patient  1 ,  C-1 8805;  patient  2, 

C-98-05H;  patients,  C-1 9898;  and  patient 4,  C-20635) 


from  the  Cooperative  Human  Tissue  Network  and  from 
one  patient  (patient  5,  DS-9605)  from  the  Surgical  Pathol¬ 
ogy  Department  of  Albert  Einstein  College  of  Medicine 
and  Montefiore  Medical  Center.  The  DNA  samples  from 
mammary  carcinoma  cell  lines  {HCC-1806,  HCC-11433, 
HCC-1428  and  HC01937)  and  matched  normal  cell 
lines  were  received  from  Dr  R  Parson  of  Columbia  Univer¬ 
sity,  New  York,  USA. 

Isolation  of  cells  from  biopsy  samples  by  single  cell 
microdissection 

Single  cel!  microdissection  (SCM)  was  performed  on 
hematoxylin  and  eosin-stained  tissue  sections  of  positive 
lymph  nodes  from  the  ductal  breast  cancer  patient 
samples  [19].  In  the  present  method  of  SCM,  a  Zeiss 
axiovert  phase  contrast  photomicroscope  fitted  with  a 
television  monitor  and  a  Narashige  mechanical  microdis¬ 
sector  was  used.  A  glass  micropipette  was  used  to  draw 
up  individual  cells  after  dissection. 

Tumor  cells  were  identified  in  the  microscope  and,  using 
the  tip  of  a  glass  micropipette  attached  to  a  syringe,  they 
were  dissected  out  without  disturbing  the  surrounding 
tissue  and  were  then  drawn  into  the  pipette.  After  five  to 
1 0  cells  were  collected  in  the  tip,  it  was  broken  off  and 
dropped  into  a  sterile  eppendorf  tube.  Approximately 
10,000  metastatic  tumor  cells  were  collected  in  this 
manner  for  RDA  experiments.  The  SCM  method  was  used 
to  isolate  tumor  cells  for  the  RDA  experiment  because 
laser-capture  microdissection  (LCM)  equipment  was  Ini¬ 
tially  not  available. 

isolation  of  cells  from  biopsy  samples  by  LCM 

LCM  [20]  was  used  for  isolating  tumor  cells  from  primary 
and  metastatic  tissue  samples  of  additional  patients  for 
screening  candidate  metastasis-associated  DNA 
sequences  (MADS)  by  PCR.  After  many  tumor  cells  have 
been  captured  on  the  LCM  cap,  it  is  then  placed  on  a 
500  pi  PCR  tube  containing  ATL  lysis  buffer  (Qiagen  Inc, 
Valencia,  CA,  USA)  and  the  DNA  is  extracted. 

DNA  extraction 

About  1  jxg  DNA  was  isolated  from  approximately  1 0,000 
cells  microdissected  from  metastatic  tumor  and  normal 
(glandular  and  stromal)  breast  tissue  samples,  using  a 
modified  method  of  DNA  extraction  from  archival  tissues. 

Briefly,  the  microdissected  cell  pellet  was  incubated 
overnight  in  lysis  buffer  (Qiagen  Inc)  with  proteinase-K  at 
55°C.  Glycogen  (carrier)  was  added  to  the  cell  lysate  and 
DNA  was  extracted  using  a  phenol-chloroform-isoamy! 
alcohol  mixture  followed  by  ethanol  precipitation  [19]. 

RDA  and  characterization  of  differential  products 

The  RDA  procedure  was  basically  as  described  by  Lisit¬ 
syn  and  coworkers  [18,21]  using  the  Bgl\\  representation. 

The  metastatic  cancer  cell  DNA  was  used  as  the  ‘driver’  R53 
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and  the  DNA  from  the  normal  cells  was  the  ‘tester*.  Three 
rounds  of  hybridization  were  performed  to  subtract  the 
common  sequences.  The  primers  used  for  representation 
and  hybridization  steps  of  RDA  are  presented  in  Table  1 . 
DNA  from  the  differential  bands  (lost  in  metastasis)  was 
cloned  using  the  TA  cloning  system  (pCR2.1 ;  Invitrogen 
Co,  Carlsbad,  CA,  USA).  Clones  were  selected  at  random 
and  used  as  a^2p.c|Q7P  (Amersham  Biosciences  Corp, 
Piscataway,  NY,  USA)  probes  on  dot  blots  or  Southern 
blots  containing  amplicon  DNA  from  the  original  normal 
and  metastatic  cells  to  verify  whether  these  sequences  are 
actually  present  in  the  normal  cell  DNA  sample  and 
missing  in  the  metastatic  cell  DNA  samples.  Positive 
clones  (showing  signals  in  normal  cel!  DNA  and  missing  in 
metastatic  cell  DNA)  were  sequenced.  A  homology  search 
was  performed  using  the  National  Center  for  Biotechnol¬ 
ogy  Information,  National  Institutes  for  Health,  USA 
(NCBI)  Blast  program  and  physical  mapping. 

Radiation  hybrid  mapping 

Radiation  hybrid  mapping  was  used  to  localize  the  MADS 
on  human  chromosomes  using  high -resolution  Gene- 
Bridge  4  radiation  hybrid  panels  (Research  Genetics,  Inc  , 
Carlsbad,  CA,  USA).  Based  on  the  sequences  of  differen¬ 
tia!  products  isolated  from  RDA  experiments,  1 0  pairs  of 
PCR  primers  were  designed  for  1 0  groups  of  candidate 
gene  sequences.  Based  on  the  PCR  results,  chromosome 
localization  of  these  sequences  was  determined  using  the 
Whitehead  Institute/MIT  databases  [22]. 

Fluorescence  in  situ  h^ridization  of  MADS-IX 

Chromosome  preparations  were  made  from  phytohemag¬ 
glutinin-stimulated  peripheral  blood  lymphocyte  cultures 
from  normal  individuals.  The  slides  were  fixed  in 
methanol-acetic  acid  and  were  air-dried.  The  probes  used 
for  fluorescence  in  situ  hybridization  (FISH)  were  the 
Spectrum  Green  labeled  centromere  of  8  (Vysis,  Downers 
Grove,  IL,  USA)  and  the  Spectrum  Green  labeled  2  kb 
sized  MADS-IX  sequence.  Primers  were  designed  from 
the  BAC  clone  (NCBI,  NIH,  USA,  RP1 1-407)  containing 
the  MADS-IX  sequence  to  obtain  a  2  kb  sized  PCR 
product  encompassing  the  MADS-IX  region  (Table  1). 

The  2  kb  DNA  fragment  was  run  on  a  1%  gel,  isolated 
from  gel  and  eluted  in  water,  and  was  labeled  with  Spec¬ 
trum  Green  using  the  nick  translation  method,  following 
the  manufacturer's  instructions  (Vysis).  Three-day-old 
slides  were  denatured  in  70%  formamide/2  x  SSC 
(sodium  citrate/chloride)  solution  at  74®C.  The  dehydrated 
and  air-dried  slides  were  used  for  hybridization  according 
to  published  methods  with  some  modifications  [23,24]. 
The  slides  were  counter-stained  with  4,6-diamidino-2- 
phenylindole  dihydrochloride  (Molecular  Probes,  Eugene, 
OR,  USA)  and  images  were  captured  on  the  Nikon  E800 
using  the  Quips  Pathvysion  system  (Applied  Imaging, 
R54  Santa  Clara,  CA,  USA), 


Results 

isolation  of  candidate  MADS 

RDA  was  performed  with  the  DNA  recovered  by  SCM 
from  norma!  cells  and  from  metastatic  cells  in  the  lymph 
nodes  of  a  patient  with  ductal  mammary  carcinoma.  Since 
the  objective  was  to  isolate  sequences  that  are  lost  In  the 
progression  of  cells  from  normal  to  metastasis,  we 
focused  on  the  products  of  RDA  in  which  the  metastatic 
cell  DNA  was  used  as  the  driver  and  the  normal  cell  DNA 
was  the  tester. 

As  shown  in  Fig.  1 ,  RDA  differential  products  were  isolated 
and  DNA  was  extracted  from  each  of  the  five  bands 
obtained  from  the  loss  side  of  the  third  round  of  hybridiza¬ 
tion,  and  DNA  from  each  band  was  cloned  separately.  One 
hundred  clones  from  each  DNA  band  were  saved  and  a 
subset  of  100  clones  (20  clones  from  each  differential 
product)  was  selected  randomly  for  further  characterization. 
These  1 00  clones  were  probed  (labeled  with  a^^p-cjQXP) 
on  dot  blots  containing  normal  cell  DNA  and  metastatic  cell 
DNA.  It  was  found  that  79  clones  hybridized  only  with  the 
normal  cell  DNA  and  did  not  hybridize  with  DNA  from  the 
metastatic  cells  (Rg.2a).  The  remaining  clones  hybridized 
with  both  normal  cell  DNA  and  the  metastatic  cell  DNA, 
This  may  have  been  due  to  incomplete  subtraction.  Of  the 
79  clones  that  hybridized  only  with  the  DNA  of  the  normal 
cells,  50  were  selected  and  tested  further  by  Southern  blot¬ 
ting  to  verify  the  RDA  results.  None  of  these  clones 
hybridized  with  the  DNA  of  the  metastatic  cells,  and  all  were 
detected  in  normal  cells  (Fig.  2b). 

Sequencing  and  homology  search  of  candidate  MADS 

RDA  derived  50  clones  that  were  sequenced  and  those 
with  identical  sequences  were  grouped.  Ten  unique  candi¬ 
date  MADS  were  thus  identified.  The  sequence  homolo¬ 
gies  found  by  searching  the  nucleotide  databases  of  these 
MADS  are  presented  In  Table  2,  The  search  revealed  that 
these  MADS  have  homology  with  sequences  on  chromo¬ 
some  1  (MADS-lll),  chromosome  5  (MADS-I),  chromo¬ 
some  6  (MADS-VIl  and  MADS-VIII),  chromosome  7 
(MADS-VI),  chromosome  10  (MADS-IX),  chromosome  15 
(MADS-X),  chromosome  16  (MADS-\0  and  chromo¬ 
some  21  (MADS-I I).  Nine  of  these  MADS  have  about 
82-99%  homology  to  known  human  DNA  sequences,  and 
the  remaining  MADS-IV  was  found  to  be  novel,  having  no 
homology  with  the  sequences  in  the  gene  banks. 

Radiation  hybrid  mapping  of  MADS 

We  used  the  GeneBridge4  Radiation  Hybrid  panel 
(Research  Genetics,  Inc)  to  localize  these  1 0  MADS  on 
human  chromosomes.  For  this  physical  mapping,  and  also 
to  be  able  to  use  these  sequences  to  screen  additional 
patient  samples,  primer  pairs  were  designed  for  each 
sequence  and  tested  by  PCR  on  a  positive  control  (human 
genomic  DNA)  and  on  two  negative  controls  (Chinese 
hamster  genomic  DNA  and  no  template).  Of  the  1 0  MADS 
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Table  1 


Primers  used  in  representational  difference  analysis  (RDA)  and  different  PCR  screening  experiments 

Primer/product  size 

Primer  sequence  (forward) 

Primer  sequence  (reverse) 

RDA  representation 

RDA  first-round  hybridization 

RDA  second-round  hybridization 

RDA  third-round  hybridization 

PTEN  {556  bp) 

MADS-IX  (180  bp) 

RSH  fragment  (2  kb) 

P-Actin  (295  bp) 

R24,  5'-agcactclccagcctctcaccgca-3' 

J24,  5'-accgacgtcgactatccatgaaca-3' 

N24, 5'-aggcaactgtgctatccgagggaa-3' 

Same  as  first  round  (J24) 

5'-ctcagattgccttataatagtc-3' 

5'-aggtaggtagagtaacaggtttgttt-3' 

S'-actatgtatgtgagcatctgtttgc-S' 

5'-tcacccacactgtgcccatctacga“3' 

R1 2,  5'-gatctgcggtga-3' 

J12,  5'-gatctgttcatg-3' 

N1 2,  5'-gatcttccctcg-3' 

Same  as  first  round  (J1 2) 

5'-tcatgttactgctacgtaaac-3^ 

5'-gatctgttctcccttttctttagctt-3' 

5'-tgcactcttcacttgagtaaacttg-3' 

5'-cgacgtagcacagcttctcctta-3' 

RSH,  fluorescence  in  situ  hybridization. 

Figure  1 

Figure  2 

(a)  (b)  (c) 

1  23  1  23  1213 


Isolation  of  representational  difference  analysis  (RDA)  differential 
products  from  single-cell  microdissected  archival  breast  tissues.  RDA 
hybridization  was  of  the  normal  cell  DNA  versus  the  metastatic  tumor 
cell  DNA  and  was  performed  in  two  ways.  In  the  first  RDA  (lane  2)  the 
metastatic  cell  DNA  was  used  as  the  fester  (which  should  yield 
differential  sequences  gained  during  malignant  transformation  or  in  the 
process  of  becoming  metastatic),  and  in  the  second  RDA  (lane  3) 
normal  DNA  was  used  as  the  tester  (which  should  yield  sequences 
that  were  lost  from  the  metastatic  cells),  (a),  (b)  and  (c)  Three  rounds 
of  RDA  hybridizations  were  performed.  In  the  third  round  of 
hybridization,  the  ‘gain’  lane  contained  four  DNA  bands  (faint  fourth 
band)  ranging  from  200  to  300  bp  in  size  (c,  fane  2)  whereas  in  the 
‘loss’  lane  there  are  five  bands  (faint  fourth  band)  ranging  from  200  to 
370  bp  (c,  lane  3)  in  size  (arrows).  Lane  1 ,  low  molecular  weight  DNA 
marker  (2  kb). 


tested,  only  five  (MADS-IV,  MADS-VII,  MADS-VIII, 
MADS-IX  and  MADS-X)  were  successfully  mapped  to 
specific  human  chromosomes  (Table  2).  Of  these  five 
MADS,  MADS-IV  did  not  show  any  match  with  gene  bank 
sequences  and  therefore  appeared  to  be  a  novel  DNA 
sequence.  The  chromosome  localizations  for  MADS-VII, 
MADS-VIII,  MADS-IX  and  MADS-X  obtained  by  physical 
mapping  and  by  homology  search  data  were  in  agree¬ 
ment 


(a)  (b) 


N  M  N  M 


Southern  blot  analysis  using  MADS-IX  as  an  probe  on 

normal  amplicon  DNA  and  on  metastatic  amplicon  DNA.  (a)  A  dot  blot 
and  (b)  a  Southern  blot  showing  positive  signals  only  in  the  normal  cell 
DNA  (N)  but  not  in  the  metastatic  cell  DNA  (M). 


Further  characterization  of  MADS-IX 

\A/hi[e  the  homology  results  of  MADS-IX  revealed  that  it 
has  94%  homology  with  the  sequence  on  chromo¬ 
some  10q  {BAC-AC022541.10),  the  radiation  hybrid 
mapping  showed  that  MADS-IX  is  localized  to  a  21  cR 
interval  between  markers  D1 06539  and  D10S549,  corre¬ 
sponding  to  human  chromosome  10  band  q21.1  [25].  To 
confirm  that  MADS-IX  is  not  an  artifact  and  is  actually  a 
human  DNA  sequence  located  on  chromosome  1 0q,  we 
used  the  sequence  as  a  fluorescence  in  situ  hybridization 
probe  on  human  metaphase  chromosomes.  Based  on  the 
sequence  of  the  BAG  clone  (NCBI,  RP1 1-407)  encom¬ 
passing  MADS-IX,  a  2  kb  DNA  fragment  containing 
MADS-IX  was  generated  by  PCR.  To  localize  MADS-IX 
cytologically,  we  labeled  the  2  kb  sized  MADS-IX  with 
Spectrum  Green  (Vysis)  and  hybridized  on  normal  human 
metaphase  chromosomes.  Figure  3  shows  that  the 
MADS-IX  probe  was  hybridized  on  the  10q21  region.  The 
Spectrum  Green  labeled  centromere  of  chromosomes 
(Vysis)  was  used  as  a  control. 

To  determine  whether  MADS-IX  is  indeed  associated  with 
metastasis,  DNA  was  screened  from  cells  recovered  with 
the  LCM  method  from  normal,  primary  and  metastatic  tissue  R55 
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Table  2 


The  length,  homology  search  and  radiation  hybrid  mapping  results  of  the  metastasis-assodated  DNA  sequences  (MADS) 


MADS 

Length  (bp) 

Homology 

Radiation  hybrid  mapping 

MADS-I 

205 

Chromosome  5  (97%)  AC005915.1 

Not  successful 

MADS-n 

144 

Chromosome  21  (99%)  AC01 0463.6 

Not  successful 

MADS-lll 

277 

Chromosome  1  (97%)  AL359265.8 

Not  successful 

MADS-IV 

185 

No  match 

Chromosome  5;  places  1 9.72  cR  from  WI-6737 

MADS-V 

220 

Chromosome  16  (98%)  AC004234.1 

Not  successful 

MADS-VI 

242 

Chromosome  7  (97%)  AC09333.1 

Not  successful 

MADS-VI! 

190 

Chromosome  6  (98%)  AL121935.17 

Chromosome  6;  places  1 .51  cR  from  WI-31 10 

MADS-VIII 

170 

Chromosome  6  (82%)  AC013429.12 

Chromosome  6;  places  3.67  cR  from  AFMA191  WDl 

MADS-IX 

180 

Chromosome  10  (94%)  AC022541.10 

Chromosome  1 0;  places  5.66  cR  from  D10S546 

MADS-X 

192 

Chromosome  15  (98%)  AC1 04260.5 

Chromosome  15;  places  1.71  cRfrom  D16S157 

Figure  3 

Figure  4 

Localization  of  the  2  kb  DNA  fragment  containing  MADS-IX  on  human 
metaphase  chromosomes.  The  centromere  of  chromosome  8  was 
used  as  a  positive  control  probe.  MADS-IX  was  found  to  localize 
around  the  1 0q21  chromosome  region  (close  to  the  centromere).  Both 
the  MADS-IX  and  the  Spectrum  Green  labeled  centromere  of  8  were 
labeled  with  spectrum  green  (Vysis,  Downers  Grove,  IL,  USA),  and  the 
chromosomes  were  counter-stained  by  4,6-diamidino“2-phenylindo(e 
dihydrochloride. 
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180  bp 

295  bp 


PCR  screening  of  MADS-IX  on  normal  celt  DNA,  primary  cell  DNA  and 
metastatic  cell  DNA  samples  of  five  patients.  PCR  results  show  the 
target  DNA  band  (180  bp)  missing  in  patients  1  and  3.  While  MADS-IX 
showed  a  reduction  in  the  intensity  (about  one-half)  of  the  PCR  band 
(heterozygous  loss)  in  the  primary  tumors  (P)  of  patients  1  and  3,  it  is 
completely  missing  (homo^gous  loss)  in  their  metastatic  (M)  cell  DNA 
samples  but  present  in  normal  cell  DNA  (N).  p-Actin  was  used  as  an 
internal  control. 


samples  from  five  additional  patients.  Because  MADS-IX  and  PTEN.  MADS-IX  showed  PCR  amplification  in  normal 
was  mapped  to  chromosome  10q21,  we  also  wanted  to  cell  DNA  samples  of  all  the  five  patients,  but  the  intensities 

determine  whether  it  was  located  in  the  region  encompass-  of  the  PCR  bands  were  less  in  the  primary  tumor  cel!  DNA 

ing  a  well-known  metastasis-associated  gene,  PTEA/ [15].  samples  and  were  totally  undetectable  In  the  metastatic 

cell  DNA  of  patients  1  and  3  (Fig.  4).  The  PTEN  gene,  on 
First,  DNA  samples  from  these  five  patients  were  the  contrary,  was  detected,  without  any  difference  in  the 
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Figure  5 


IN  IT  2N  2T  3N  3T  4N  4T 

180  bp 
556  bp 
295  bp 


MADS-IX 
PTEN  ie8 
P-actin 


PCR  screening  of  MADS-IX  and  PTEN  on  DNA  samples  from  four 
tumor  cell  lines  and  matched  normal  DNA.  Results  (first  row)  show  that 
MADS-IX  is  present  jn  all  the  tumor  cell  lines  (HCC-1 806,  HCC-1 1 43, 
HCC-1428  and  HCC-1 937)  especially  the  HCC-1 937  cell  line,  which 
has  loss  of  a  region  encompassing  the  PTEN  gene.  Screening  of 
PTEN  in  these  four  cell  lines  (second  row)  show  its  presence  in  the 
HCC-1 806,  HCC-1 143  and  HCC-1428  tumor  cell  lines  but,  as 
expected,  it  is  missing  in  HC01 937.  p-Actin  was  used  as  an  internal 
control. 


cells,  primary  tumor  cells  and  metastatic  lymph  node  cells 
of  all  five  patients. 

Second,  MADS-IX  and  PTEN  were  screened  in  four 
breast  tumor  cell  lines  {HCO1806,  HCC-1 143, 
HCC-1428  and  HCC-1 937)  and  matched  normal  DNA. 
The  first  three  tumor  cell  lines  had  known  losses  in  spe¬ 
cific  chromosomal  regions,  and  the  fourth  had  loss  of 
homozygosity  of  the  PTEN  gene.  PCR  screening  of 
MADS-IX  and  PTEN  showed  that  MADS-IX  is  present  in 
all  four  tumor  cel!  lines,  but  PTEN  is  only  present  in  cel! 
lines  HCC-1 806,  HCC-1 143  and  HCC-1428  and  is 
missing  in  HCC-1 937  (Rg.  5). 

Discussion 

Reports  show  a  statistically  significant  increase  in  loss  of 
heterozygosity  events  involving  unknown  genes  on  chromo¬ 
some  16q  [26],  on  chromosome  10q  [15]  and  on  chromo¬ 
some  1 4q  [27],  in  metastatic  breast  cancers.  Measuring 
loss  of  heterozygosity,  O’Connell  etaL  [27]  found  that  the 
majority  of  lymph  node-negative  primary  breast  tumors  did 
not  amplify  a  region  linked  to  D14S62  and  D14S51,  while 
lymph  node-positive  breast  tumors  retained  heterozygosity 
for  these  markers.  These  data  could  imply  the  existence  of 
metastasis  promoting  gene{s)  in  that  region  or,  alterna¬ 
tively,  the  observed  molecular  changes  may  be  used  as  a 
marker  of  metastatic  propensity  [28]. 

In  the  present  investigation  we  used  RDA  in  an  attempt  to 
identify  genetic  alterations  related  to  breast  cancer  metas¬ 
tasis  by  comparing  normal  cell  DNA  and  metastatic  cell 
DNA  of  a  ductal  breast  carcinoma  patient  Ten  unique 
candidate  MADS  were  identified  and  the  sequence 
homologies  found  by  searching  the  gene  bank  of  these 
MADS  are  presented  in  Table  2.  The  search  revealed 
82-99%  homology  to  known  human  gene  sequences  for 
nine  of  these  MADS  but  MADS-IV  was  found  to  be  novel, 
having  no  homology  with  the  sequences  in  the  gene 


banks.  Further  characterization  of  MADS-IX  revealed  inter¬ 
esting  information  on  the  genes  and  sequence  tagged 
sites  (STS)  markers  surrounding  it.  Within  a  range  of 
1.4  Mb  of  MADS-IX,  we  noticed  two  CDC2  genes  (cell 
division  cycle  2  protein,  isoform  1  and  isoform  2)  and  two 
splice  variants  of  the  ZWINT  gene  (without  known  exact 
function).  In  the  range  of  821  kb,  there  are  nine  STS 
markers  (RH26942,  SHGC-58267,  SHGC-79901, 

AFM336XD1 ,  SHG01 03705,  SHGC-3856,  SHGG-84937, 
STSG72171  andSHG081245). 

Physical  and  cytological  mapping  of  MADS-IX  confirmed 
that  it  is  located  at  10q21.1,  Screening  of  MADS-IX  on 
DNA  samples  from  five  more  sets  of  normal,  primary  and 
matched  metastatic  tumor  samples  (Fig.  4)  revealed  that 
MADS-IX  is  lost  in  the  transition  from  normal  ceils  to 
primary  cells  to  metastasis  cells  in  two  of  five  cases  (three 
of  six  cases  if  the  case  used  in  the  RDA  assay  is 
included).  PCR  screening  of  PTEN  on  these  five  patient 
samples  and  screening  of  MADS-IX  and  PTEN  on  a 
breast  carcinoma  cell  line  that  had  loss  of  homozygosity  of 
the  PTEN  gene  revealed  that  MADS-IX  is  neither  a  part  of 
the  PTEN  gene  or  localized  in  the  homozygous  loss  region 
of  chromosome  lOq  encompassing  the  PTEN  gene. 
These  findings  together  strongly  suggest  that  MADS-IX  is 
a  candidate  marker  for  a  novel  metastasis  suppressor 
gene.  Additional  archival  cases  are  being  screened  to 
determine  whether  MADS-IX  is  a  reliable  marker  for 
metastasis  in  ductal  breast  cancers. 
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Atistract 

A  dinuclcotide  (T-G)  repeat  sequence  was  isolated  by  comparing  DNA  from  metastatic  lymph  node  and  matched  noimal  breast  samples 
from  a  ductal  mammary  carcinoma  patient  using  representational  difference  analysis  (RDA)  method.  Our  present  stutfy  used  this  met^is 
associated  DNA  sequence  (MADS)  as  a  diagnostic  probe  to  screen  five  patient  samples  by  slot  blot  method.  A  new  approach  to  isolate 
single  ccUs  by  microdissection,  namely  single  cell  microdisscction  (SCM)  was  developed  to  obtain  homogeneous  population  of  tumor  cells 
{y 1 000)  from  matchedprimaiy  tumors  and  corresponding  positive  lymph  nodes  of  five  patients.  We  isolated  DNA  from  these  homogeneous 
tomor  cells  and  used  for  the  RDA  and  DNA  slot  blot  experiments.  The  screening  of  patient  sanqiles  riiowcd  loss  of  this  MADS  in  the 
Transition  from  primary  to  metastasis  in  four  out  of  five  cases  (80%)  suggesting  its  possible  role  in  breast  metastasis. 

©  2002  Intcraational  Society  for  Preventive  Oncology.  Published  by  Elsevier  Science  Ltd.  All  rights  reserved. 

Keywords:  Dimicleotide  repeat;  Metastasis;  Metastasis  associated  DNA  sequence  (MADS);  Rcjwcsentational  difference  analysis  (RDA) 


1.  Introdactioti 

The  dissemination  of  cancer  cells  from  primary  site  is 
tile  main  cause  for  relapse  of  disease  in  patients  with  solid 
tumors.  The  degree  of  spreading  of  tumor  cells  in  the  cir¬ 
culation  involves  multiple  tumor-host  interactions  through 
complex  genetic  mechanisms.  Alterations  in  tiie  expression 
of  both  tiie  oncogenes  and  tumor/metastasis  siqipressor 
genes  are  known  to  be  involved  in  metastasis  [1-3].  Muta¬ 
tion  or  complete  loss  (deletion)  of  the  wild-type  counterpart 
of  any  suppressor  gene  in  a  malignant  cell  may  increase  cell 
motility,  invasion  or  metastasis.  Metastasis  is  a  complex 
process  involving  a  cascade  of  biochemical  and  genetic 
events  that  regulate  growtii,  vascularization,  invasion,  trans¬ 
port  and  survival  in  the  circulation  followed  by  adhesion, 
extravasatiixi,  and  prolifisration  at  the  distant  sites  [3].  fri 
human  and  mouse  breast  cancers  only  few  genes  associated 
witii  metastasis  have  been  reported  [4-7]. 


*  Corresponding  authoL  Te!.:  +1-718-430-2699;  fex:  +1-718*430-2454. 
E-mail  address:  achary@aecom.ya.edu  (MJP.  Achary). 


We  used  the  representational  difference  analysis  (RDA) 
method  [8-10]  in  an  attempt  to  identify  candidate  DNA 
marker  sequences  and/or  genes  involved  in  the  progression 
of  the  disease  from  benign  to  invasfive  breast  carcinoma 
stage  to  metastasis  by  comparing  DNA  samples  firom  a  pop¬ 
ulation  of  microdissected  tumor  cells  from  positive  lymph 
nodes  and  matched  normal  cells  from  the  same  patient. 
Southern  blots  showed  that  most  of  tiie  sequences  (87%) 
were  present  in  normal  cell  DNA  and  partially  or  com¬ 
pletely  missing  in  the  metastasis  cell  DNA  samples  [10]. 
We  found  that  one  of  these  metastasis  associated  DNA  se¬ 
quences  (MADS-XI)  is  enriched  witii  novel  dinuclcotide 
(T-G)  repeats.  Since  microsatellite  repeats  are  known  to 
regulate  the  expression  of  certain  genes  associated  with 
metastasis  [11-13],  we  made  an  attempt  to  determine  if 
this  novel  gene  sequence,  MADS-XI  could  be  used  to  pre¬ 
dict  the  primary  tumors  tiiat  are  prone  to  develop  metasta¬ 
sis.  We  therefore  screened  additional  five  patient  samp^^ 
by  DNA  slot  blot  method  to  determine  if  this  MADS-XI 
is  actually  involved  in  metastasis  to  lymph  nodes  in  breast 
carcinoma. 


036l-090X/02/$30.00  ©  2002  Intematwnal  Society  for  fteventive  Oncology.  Published  by  Elsevier  Science  Ltd.  All  ri^  reserved. 
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2.  Materials  and  methods 

2,L  Tissue  samples 

Archival  tumor  tissue  material  from  five  patients  with 
ductal  mammary  carcinoma  (coded  case  numbers:  1, 
C44153;  2,  C-1050;  3,  DS97-919;  4,  C-14852;  5,  DS-711) 
were  obtained  from  Co-operative  Human  Tissue  Network 
(1, 2  and  4)  and  from  the  Surgical  Pathology  Department  of 
Montefiore  Medical  Center  (3  and  5).  Each  case  consisted 
of  primary  and  metastatic  lymph  node  tumor  tissue  samples 
and  matched  normal  tissue  from  the  same  patient. 

2.2.  Isolation  of  cells  from  biopsy  samples  by 
single  cell  micrvdissection 

Cells  from  tumor  biopsy  samples  were  isolated  using  an 
innovative  microdissection  approach  namely  single  cell  mi¬ 
crodissection  (SCM).  Thus,  homogeneous  populations  of 
tumor  cells  ('^1000)  were  isolated  from  matched  primary 
tumors  and  corresponding  positive  lymph  nodes  of  patient 
samples.  SCM  was  performed  on  hematoxylin  and  eosin 
stained  tissue  sections  of  5  |im  thickness  from  primary  tu¬ 
mors  and  metastatic  lyn^h  nodes  (fresh  frozen  and  fixed 
in  OCT)  from  ductal  breast  carcinoma  patient  samples.  In 
our  method  of  SCM,  a  Nikon  inverted  photomicroscope  fit¬ 
ted  with  a  Narashige  mechanical  microdissector  was  used 
(Fig.  1).  Tumor  cells  were  identified  in  the  microscope  and 
using  the  tip  of  a  glass  micropipette  attached  to  a  syringe, 
th^  were  dissected  out  one  after  the  other  without  disturb¬ 
ing  the  surrounding  tissue  and  then  drawn  into  the  pipette 
(Fig.  2a  and  b).  After  5-10  cells  were  collected  in  the  tip,  it 
was  broken  off  and  dropped  into  a  sterile  eppendorf  tube.  As 
shown  in  Fig.  2c  and  d,  pure  population  of  tumor  cells  was 
isolated  from  a  positive  lymph  node  tissue  sample.  Com¬ 
pared  to  laser  capture  microdissection  methods,  this  is  less 
expensive  and  provides  hi^  degree  of  homogeneity  of  cell 


Fig.  I.  Single  cell  microdissection  apparatus.  An  inverted  tissue  culture 
Nikon  photo  microscope  is  attached  with  a  Narashige  micromanipulator 
for  single  cell  miciodissection.  A  capillary  glass  micropipette  is  fitted  to 
(he  micromanq)u]ator  needle  holder  to  dissect  the  tumor  cells  and  a  syringe 
is  connected  with  a  plastic  tubing  to  the  other  end  of  (he  micropipette  to 
draw  tumor  cells  into  its  tip. 


Fig.  2.  Single  cell  microdissccdon  of  tumor  cells.  Dissection  of  one  tumor 
cell  from  the  primary  tumor  section  of  a  ductal  mammary  carcinoma.  A 
tumor  cell  (=^)  before  (a)  and  after  (b)  microdissection.  The  arrows  (->■) 
are  showing  two  referoicc  cells  and  double  arrow  (o)  showing  intact 
collagen  material  (a)  and  (he  floating  collagen  (b)  on  the  sectioa  Tumor 
cells  in  a  positive  lymph  node  tissue  (shown  by  thick  arrow)  before  (c) 
and  after  (d)  microdisscction, 

population.  SCM  method  also  alleviates  any  possible  dam¬ 
age  to  the  DNA  or  RNA  of  the  microdissected  cells  as  UV  or 
infra-red  sources  of  laser  beams  are  not  used  in  this  method. 
Since  the  coUection  of  large  number  of  homogeneous  cells 
by  this  method  is  very  tedious  and  time  consuming,  we  have 
modified  RDA  protocol  and  standardized  a  genomic  DNA 
an^lification  method  to  isolate  larger  amounts  of  DNA  from 
relatively  few  cells  ('^1000)  for  routine  DNA  slot  blot  [14] 
preparations. 

2.3.  DNA  extraction 

About  100  ng  of  DNA  was  isolated  from  approxi¬ 
mately  1000  cells  microdissected  from  primary  tumor 
and  metastatic  lymph  node  tissue  samples,  using  modified 
methods  of  DNA  isolation  and  genomic  DNA  amplification 
from  limited  cells.  Briefly,  the  microdissected  cell  pellet 
was  incubated  with  Proteinase-K  (1  pA  of  20iJLg/ml  stock) 
in  a  20  jjlI  of  Tris-buffer  for  1  h  at  37  ®C.  The  sample  was 
denatured  at  95  °C  for  2  min,  cooled  to  room  temperature 
and  Bgl  11  digestion  (1 :200  dilution  of  the  stock  10  U/pil  en¬ 
zyme)  was  set  up  using  1  |jil  of  the  diluted  enzyme  in  a  20  pil 
reaction  mixture  containing  100  ng  of  DNA.  The  digestion 
was  carried  for  2h  and  the  DNA  firagments  were  ligated 
with  the  24mer  and  12mer  oligos  and  Bgl  n  amplicons 
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were  prep^rod  [8,11]-  PCR  aiiq)lification  of  these  Bgl  II 
representation  amplicons  was  performed  using  24mer  oligo 
primers  (95  ®C  Imin,  72  3  min  for  30  cycles  followed 

by  1  cycle  at  72  for  10  min).  DNA  was  extracted  using 
phenol-chloroform-isoamyl  alcohol  mixture  followed  by 
EtOH  precipitation.  The  DNA  samples  were  quantified  on 
an  agarose  gel  using  a  high  mass  DNA  maker  (0.1-10  kb) 
and  predetermined  quantities  of  sheared  salmon  sperm 
DNA  (0.1,  0.2,  0.5,  0.7  and  1  iig). 

2.4,  RDA  and  characterization  of  differential 
products 

The  RDA  procedure  was  basically  as  described  by  Lisit¬ 
syn  et  al.  [8,9]  using  Bgl  n  representation.  The  metastasis 
cancer  cell  DNA  was  used  as  the  ‘driver’  and  the  DNA  firom 
the  normal  cells  was  the  ‘tester’.  Three  rounds  of  hybridiza¬ 
tion  were  performed  to  subtract  die  common  sequences 
[8-10].  DNA  firom  the  differential  bands  (lost  in  metastasis) 
was  cloned  using  the  TA  cloning  system  (pCR2.1;  Invit- 
rogen  Co.).  Clones  were  selected  at  random  and  used  as 
^^P-dCTP  (Amersham)  probes  on  dot/Southem  blots  con¬ 
taining  DNA  firom  the  original  normal  and  metastasis  cells 
to  verify  whether  these  sequences  are  actually  present  in 
normal  and  missing  in  metastatic  cell  DNA  samples  [10]. 
Positive  clones  (showing  signals  in  normal  and  missing  in 
metastatic  cell  DNA)  were  sequenced  and  homology  search 
performed  using  NCBI  Blast  program. 

2.5.  Slot  blot  method 

The  slot  blot  method  was  performed  following  published 
methods  [14].  Briefly,  the  PCR  an^lified  products  were 
purified  by  phenol-chloroform  method  as  mentioned  else¬ 
where  and  suspended  in  50  jxl  of  TE  buffer.  One  microgram 
of  the  quantified  product  was  denatured  with  NaOH  (IN) 
and  incubated  for  5  min  at  37  ®C.  The  final  volume  was 
made  up  to  100  \il  with  lOx  SSC  (final  concentration  of  6x 


SSC).  The  samples  were  applied  on  pretreated  nitrocellulose 
membranes  using  Schleicher  &  SchueD  (S&S)  Minifold  11 
slot-blotter  apparatus  following  manufacturer’s  instructions. 
The  membrane  was  UV  cross-linked  (Stratalinker  2400) 
and  pre-hybridized  for  3  h  followed  by  1-h  hybridization 
with  the  quick  hybridization  solution  (Stratagene,  CA).  The 
^^P-dCTP  labeled  MADS-XI/GAPDH  probe  was  made  and 
purified  as  per  manufacturer’s  protocol  (Stratagene).  The 
hybridization  solution  contained  about  2  x  lO^cpm/ml  of 
the  probe.  The  filter  was  then  washed  and  exposed  to  X-ray 
film  for  1-3  h  and  developed  for  autoradiography.  Blot¬ 
ting  experiments  were  repeated  twice  and  the  reproducible 
results  were  analyzed. 

3.  Results 

The  MADS-XI  (224  bp)  has  a  68  bp  unique  sequence  fol¬ 
lowed  by  a  1 56  bp  sequence  with  1 7  groups  of  varying  num¬ 
ber  of  repeats,  interrupted  by  1-10  nucleotides  (Fig.  3).  Blast 
and  Blat  search  results  showed  high  homology  (98%)  of  this 
sequence  with  regions  on  chromosome  6q.  However,  when 
only  dinucleotide  repeats  sequence  (without  the  unique  se¬ 
quence)  was  blasted  for  homology  search  it  showed  hi^  ho¬ 
mology  with  the  dinucleotide  repeats  on  chromosomes  6, 16 
and  17.  Physical  localization  using  radiation  hybrid  mapping 
however  was  not  successful  due  to  several  non-specific  PCR 
products  with  human  and  Chinese  hamster  ovary  (CHO) 
template  DNA  samples. 

Slot  blot  analysis  of  DNA  firom  primary  tumor  cells  and 
metastatic  lymph  nodes  fi*om  five  patients  with  ductal  mam¬ 
mary  carcinoma  using  the  MADS-XI  as  a  probe  revealed  its 
involvement  in  breast  metastasis.  As  shown  in  the  Fig.  4,  the 
MADS-XI  was  present  in  the  normal  cells  firom  all  of  the 
five  patients  while  missing  in  four  out  of  five  (80%)  metas¬ 
tasis  cell  DNA  samples.  In  the  patient  number  3,  however, 
the  primary  cell  DNA  band  showed  lesser  (half)  intensity 
suggesting  the  loss  of  heterozygosity. 


VGATCTTAATCCGGGGAGTGGCGTATGTAGTAGAAGAGTCTGGATTTGAGTAG 
TGTATGGTAACGCCAG  (T-G)  5  C  (T-G)4GTA  (T-G)2G  (T-G)4T(T-G)3  GCA(T-G)3G(T- 
G)2TATGG(T-G)3G  Cr-OaA  (T-G)4GTGCG(T-G)2AGATACGTGG<T-G)3GGG(T-G)6  G  CT¬ 
Os  G  (T-G)5  GTA  (T-G)2  G  (T-G)3  GV. 

Fig.  3.  The  complete  MAGS-XI  sequence  enriched  with  TG  repeats.  Bold  letters:  unique  sequence;  V:  vector  sequence. 


Fig.  4.  Slot  blot  analysis  of  DNA  san^les  from  {ximary  tumor  and  metastatic  lynq^  node  samples  and  matched  normal  cells  frean  five  patients  (1, 
C-14153;  2,  01050;  3,  DS97-919;  4,  014852;  5,  DS-711).  The  first  (N),  second  (P)  and  third  (M)  rows  represent  the  DNA  samples  from  normal, 
primary  tumor  and  metastatic  lymph  node  breast  samples,  respeedvefy.  (a)  The  blot  is  hybridized  with  ^^P-dCTP  labeled  MADS-XI  probe;  (b)  the  DNA 
loading  is  quantitated  in  the  experimental  blot  by  probing  with  GAPDH. 
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Fig.  5.  Schematic  representation  of  loss  of  T-G  repeats  with  the  progression  of  the  disease,  (a)  Normal  cells  with  [(T-G)„]+  repeats;  (b)  primary  cells 
with  [(T-G)^]'*'  and  widiont  [(T“G)„]”  repeats  and  (c)  metastatic  cells  without  any  repeats  [{T-G)„]‘“. 


[Cr-G)j^ 


[(T.G)J*&[(T.G)J‘ 


(a) 


(b) 


ICr-G)n]’ 

(c) 


4.  Discussion 

Dinucleotide  repeats  are  known  to  regulate  the  expression 
of  several  tumor/metastatic  suppressor  genes  [11,13].  The 
loss  of  this  MADS-XI  in  metastatic  lymph  node  cell  DNA 
samples  from  four  out  of  five  patients  suggests  its  involve¬ 
ment  in  breast  metastasis  (Fig.  4).  Complete  loss  of  this  se¬ 
quence  in  lymph  nodes,  suggests  that  this  sequence  may  be 
used  as  a  (fiagnostic  tool  for  breast  lymph  node  metastasis. 
These  findings  are  in  support  of  our  hypothesis  (Fig.  5)  that 
gradual  loss  of  T-G  repeats  in  tumor  cells  is  associated  with 
the  progression  of  the  disease  which  leads  to  the  microsatel¬ 
lite  instability  (MSI)  and/or  loss  of  several  tumor/metastasis 
suppressor  genes  in  metastasis. 

Blat  search  results  indicated  that  both  the  whole  MADS- 
XI  sequence  and  only  T-G  repeat  sequence  from  MADS-XI 
are  matching  with  a  sequence  from  chromosomes  6, 16  and 
17  with  high  scores  (98.7,  92,  93%).  The  unique  sequence 
(68  bp)  from  MADS-XI,  without  T-G  repeat  sequence  has 
matched  only  with  chromosome  6q  (98%).  This  may  sug¬ 
gest  that  MSI  due  to  loss  of  repeat  sequences  may  cause 
allelic  instability  (AI)  in  several  different  chromosomes  si¬ 
multaneously.  Our  results  implicate  involvement  of  at  least 
three  chromosome  regions  in  breast  lymph  node  metasta¬ 
sis.  They  might  also  influence  some  iii^ortant  genes  located 
in  these  three  chromosomes  (IGF2RIM6PR\  6q26,  6q27) 
[15,16],  (p53;  17pl3.1)  [17,18],  (BRCAJ;  17ql2-q21)  [19]. 
Others  also  have  reported  the  allelic  loss  of  chromosomes 
6,  16  and  17  because  of  MSI  and  AI  during  disease  pro¬ 
gression  [20-23].  Furthermore,  MSI  causes  replication  error 
mismatch  repair  induction  followed  by  mismatch  repair  gene 
mutation.  Thus  sum  of  these  events  probably  activate  the 
protooncogenes  and  inactivate  tumor/metastasis  suppressor 
genes  leading  to  metastasis  [24]. 

Currently  we  are  screening  circulating  tumor  cells  with 
MADS-Xt  alone  and  in  combination  with  other  known  mak¬ 
ers  to  evaluate  the  state  of  the  breast  disease.  The  predic¬ 
tion  for  the  genetic  status  of  the  circulating  tumor  cells  will 
eventually  convey  the  guidelines  for  early  stage  therapeutic 
modality  to  arrest  or  delay  the  progression  of  the  disease 
[25]. 
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Abstract 


Metastases  of  various  malignancies  have  been  shown  to  be  inversely  related  to  the  abundance  of 
nm23  protein  expression.  However  the  downstream  pathways  involved  in  nm23  mediated 
suppression  of  metastasis  have  not  been  elucidated.  In  the  present  investigation,  we  used  cDNA 
microarrays  to  identify  novel  genes  and  functional  pathways  in  nm23  mediated  spontaneous 
breast  metastasis.  Microarray  experiments  were  performed  in  a  pair  of  cell  lines,  namely;  C-100 
(only  vector  transfected;  highly  metastatic)  and  HI -177  (nm23  transfected;  low  metastatic), 
derived  from  human  mammary  carcinoma  cell  line,  MDA-MB-435.  The  cDNA  microarray 
analysis  using  GeneSpring  software  revealed  significant  as  well  as  consistent  alterations  in  the 
expression  (up  and  down  regulation)  of  2,158  genes  in  a  total  of  18,889  genes  between  high  and 
low  metastatic  cells.  Some  of  these  genes  were  grouped  into  6  functional  categories,  namely 
invasion  and  metastasis,  apoptosis  and  senescence,  signal  transduction  molecules  and 
transcription  factors,  cell  cycle  and  repair,  adhesion,  and  angiogenesis  to  extrapolate  an 
association  between  these  genes  and  different  functional  pathways  involved  in  nm23  regulated 
metastasis.  The  results  suggest  that  nm23  gene  plays  a  major  role  in  metastasis  and  its 
mechanism  of  action  of  metastasis  suppression  may  involve  down  regulation  of  genes  associated 
with  cell  adhesion,  motility  (integrins  a  -2,  -8,  -9,  -L  and  -V,  collagen  type  VEQ  al,  fibronectin  1, 
catenin,  TGF  p2,  FGF7,  MMP14  and  16,  ErbB2),  and  possibly  certain  tumor/metastasis 
suppressors  (2  members  of  SWI/SNF  related  matrix  associated  proteins  2  and  5  and  PTEN). 

Introduction 

Reduced  expression  of  nm23  gene  is  related  to  high  incidence  of  lymph  node  and  distant 
metastasis  and  to  poor  prognosis  of  patients  in  several  human  malignant  tumors\  In  some  other 
cancers  like  prostate  cancer,  non-Hodgkin  lymphomas  and  neuroblastoma,  on  the  contrary,  a 
high  nm23-Hl  expression  is  linked  to  an  unfavorable  outcome.^  Recent  studies  have  shown  that 
in  neuroblastoma,  gain  of  17q  and  activation  of  oncogene  c-myc  can  upregulate  nm23-Hl  and  - 
H2  and  may  confer  a  poor  prognosis.^  It  is  therefore  possible  that  in  these  tumors,  nm23 
overexpression  may  be  as  a  consequence  of  a  different  oncogenic  or  an  unknown  mechanism. 
While  conflicting  results  were  observed  in  different  solid  tumors,  nm23,  however,  is  universally 
classified  as  a  putative  metastasis  suppressor  gene.  The  nm23  expression  pattern  appears  to  be 
the  key  to  the  differences  observed  between  tumor  cells  of  high  and  low  metastatic  potential.^ 
Experimentally  it  has  also  been  demonstrated  that  nm23  may  be  involved  in  cellular  functions 
leading  to  the  metastatic  phenotype,  such  as  cell  motility,  which  points  to  a  regulatory  role  for 
nm23  proteins  in  cellular  signaling  pathways. 

While  it  has  been  shown  that  nm23  is  involved  in  the  suppression  of  metastasis,  the  exact 
mechanism  by  which  it  regulates  metastasis  remains  to  be  elucidated.  It  is  possible  that  nm23 
activates  or  down-regulates  certain  target  genes  involved  in  the  process  of  metastasis  inhibition. 
To  understand  better  the  role  of  nm23  in  the  prevention  of  metastasis,  we  have  compared  gene 
expression  profiles  of  a  highly  metastatic  mammary  carcinoma  cell  line,  MDA-MB-435  with  that 
of  the  same  cell  line  transfected  with  nm23  that  shows  low  metastasis.  Gene  expression 
comparisons  were  made  by  cDNA  microarray  analysis  to  determine  the  genes  that  are  up- 
regulated  and  also  those  down-regulated  by  nm23  overexpression.  We  found  that  certain  genes 
which  are  involved  in  adhesion  and  motility  are  responsive  to  overexpression  of  nm23.  This  is 


the  first  study  to  elucidate  the  down-stream  target  gene(s)  associated  with  nm23  at  the  global 
level,  and  also  to  suggest  that  prevention  of  metastasis  is  a  commanding  effort  of  nm23  by 
downregulating  several  target  genes  associated  with  motility  and  adhesion  and  possibly  certain 
tumor  suppressor  genes. 

Materials  and  Methods: 

Cell  lines  and  culture 

A  pair  of  breast  cancer  cell  lines  derived  fi'om  MDA-MB-435  (a  gift  fi*om  Dr.  P.  Steeg, 
NCI/NIH)  were  used  in  this  study.  The  nm23  gene  transfected  -435  cell  line  is  named  as  Hl- 
177  and  empty  vector  transfected  -435  cell  line  as  C-100.  While  C-100  cell  line  is  highly 
metastatic,  the  nm23  over  expressing  Hl-177  cell  line  is  known  to  be  low  metastatic.  These  cell 
lines  were  cultured  in  DMEM  culture  media  (Life  Technologies  Inc.,  Glaithersburg,  MD) 
supplemented  with  10%  fetal  bovine  serum  and  1%  (v/v)  penicillin/streptomycin  in  an 
atmosphere  of  5%  C02  at  37**C.  These  were  grown  to  70-85®^  of  confluence  before  being 
harvested  for  different  experiments.  Cells  from  the  same  passage  (19*)  were  counted  and  pooled 
for  the  RNA  and  protein  expression  experiments  and  also  for  in  vivo  Severe  Combined 
Immunodeficiency  (SCID)  mouse  studies  to  verify  their  metastatic  potential. 

Semiquantitative  RT-PCR  and  western  blotting  analyses 

These  methods  were  followed  as  described  in  our  previous  publication.^  fri  the  semiquantitative 
RT-PCR,  about  5pg  of  total  cellular  RNA  was  converted  to  cDNA,  using  Superscript  n  reverse 
transcriptase  (Life  Technologies,  Inc  ).  The  cDNA  was  diluted  with  water  to  a  volume  of  20pl. 
One  pi  of  the  diluted  cDNA  was  used  as  template  for  each  of  the  PCR  reaction.  The  PCR 
conditions  were  optimized  for  each  of  the  gene  expression  studied  using  Perkin-Elmer  DNA 
thermal  cycler.  For  each  gene  product,  the  PCR  cycle  numbers  were  adjusted  such  that  the 
reaction  fell  within  the  linear  range  of  product  amplification.  We  designed  the  primer  sets  for 
the  RT-PCR  of  some  genes  (Table  2).  The  P-actin  was  used  as  an  internal  control  for  loading. 
The  PCR  products  were  analyzed  on  l®^  agarose  gels  and  the  products  were  photographed  and 
quantitated  by  densitometry.  For  Western  blotting  analysis,  protein  was  isolated  from 
subconfluent  cells^  and  electrophoresed  (50pg/lane),  transferred  and  blotted  using  primary 
antibody  (anti-nm23,  Ab-1,  mouse  monoclonal,  1:10  dilution.  Oncogene  Research  Products,  San 
Diego,  CA)  and  secondary  antibody  (goat  anti-mouse  IgG  HRP  secondary  antibody;  1:2000 
dilution,  Santa  Cruz  Biotechnology,  Santa  Cruz,  CA). 

In  Vivo  metastasis  assay 

A  mammary  fat  pad  (MFP)  SCID  mouse  model  was  used  to  evaluate  the  metastatic  potential  of 
these  2  human  mammary  carcinoma  cell  lines.  MDA-MB-435  transfected  with  nm23  (Hl-177) 
and  vector  only  transfected  cells  (C-100)  were  injected  (@1X10^  cells)  in  a  volume  of  100  pi  of 
DMEM  without  serum  into  the  right  sub-axillary  MFPs  of  anesthetized  5-  to  6-week-old  female 
SCID  mice.  Five  mice  each  were  used  for  Hl-177,  C-100  and  parental  non-trasfected  435  cells 
as  a  positive  control.  Tumor  sizes  were  monitored  a  week  after  inoculation  of  tumor  cells.  When 
the  mean  tumor  diameter  reached  1.0  cm,  tumors  were  surgically  removed.  Six  weeks  later  the 
animals  were  sacrificed  and  lungs  were  examined  for  visible  metastatic  foci  and  counted. 
Animals  were  maintained  under  the  guidelines  of  the  NIH  and  approved  protocols  of  lACU 
Committee  of  AECOM. 


cDNA  microarray  studies  68 

cDNA  microarray  experiments  were  performed  following  our  previously  published  protocols.  ’ 

Isolation  of  total  cellular  RNA 

Total  RNA  was  extracted  using  TRIzol  Reagent  (Life  Technologies,  Inc.)  following  our  method 
reported  previously.*  Isolated  RNA  was  electrophoresed  through  1.0%  agarose-formaldehyde 
gels  to  verify  the  quality.  The  concentration  and  purity  of  RNA  were  determined  from 
absorbance  measurements  at  260  and  280  nm.  For  cDNA  microarray  experiments,  RNA  at  a 
concentration  of  7pg/pl  wth  a  purity  of  1.8-1 .9  (260/280  ratio)  was  used. 

cDNA  synthesis  and  microarrqy  hybridization 

One  hundred  pg  of  total  cellular  RNA  (H1-177/C-100)  was  annealed  to  oligo(dT)  and  reverse- 
transcribed  in  the  presence  of  Cy3-labeled  (C-100)  or  of  Cy5-labeled  (Hl-177)  dUTP 
(Amersham  Pharmacia  Biotech,  Piscataway,  NJ),  using  10,000  units/ml  of  Superscript  H  reverse 
transcriptase  (Life  Technologies,  Inc.).  The  resulting  Cy3-  and  Cy5-labeled  cDNAs  were  treated 
with  RNase  One  (Promega  Corporation,  Madison,  for  10  min  at  37°C,  combined,  and 
purified  by  passing  through  a  Centricon-50  filtration  spin  column  (Millipore,  Bedford,  MA)  to  a 
final  volume  of  6.5  pi.  The  cDNA  probes  were  then  combined  with  32.5  pi  of  hybridization 
solution  and  1.0  pi  of  blocking  solution  to  a  final  volume  of  40  pi.  The  probe  mixture  was 
heated  at  94°C  for  2  min  and  centrifuged  at  13,000  rpm  for  10  min,  and  the  supernatant  was 
transferred  to  a  clean  tube  and  incubated  at  50°C  for  1  h  before  hybridizing  to  the  microarrays. 
Hybridizations  were  performed  on  cDNA  microarray  glass  slides  prepared  at  the  Albert  Einstein 
College  of  Medicine  microarray  facility.  Each  slide  (Chips:  H7-li9,  121  and  122)  contained 
20,000  unique  human  cDNA  clones.  The  hybridization  solution  (40pl)  was  placed  on  a 
pretreated  (UV  cross  linked)  microarray  slide,  covered  with  a  cover-glass  (60mm),  and  then 
incubated  in  a  hybridization  chamber  overnight  at  50°C.  After  hybridization,  the  slide  was 
washed  at  room  temperature,  first  with  0.2XSSC,  0.1%  SDS  for  20  min  with  gentle  shjddng,  and 
then  with  0.2XSSC  for  two  times  (20  min  each).  The  slide  was  dried  by  spinning  at  low  speed 
(1000  rpm)  in  a  centrifuge  for  5  min,  and  stored  in  a  dark  box  free  from  dust. 

Scanning,  gridding,  and  analysis 

The  slides  were  scanned  using  a  Microarray  Scanner  4000A  (Axon  Instruments  Co.,  Foster  City, 
CA)  at  the  Albert  Einstein  College  of  Medicine  Cancer  Center  microarray  facility.  The  scanner 
output  tif  images  were  gridded  and  the  fluorescence  intensities  of  microarrays  were  then 
calculated  using  the  GenePix  3.05  software.  The  final  intensities  represent  the  difference 
between  average  probe  intensity  and  average  local  background  intensity.  Final  intensities  of 
green  and  red  channels  were  filtered  and  the  ratios  of  the  red  intensity  to  the  green  intensity  were 
determined.  cDNA  microarray  results  were  derived  by  comparing  total  RNA  from  435  cells, 
highly  expressing  nm23  (Cy5-lebelled)  versus  435  cells  low  expressing  nm23  (Cy3-labelled). 
These  experiments  were  repeated  thrice  and  the  results  were  analyzed  using  GeneSpring 
software  (Silicon  Genetics,  Redwood  City,  CA).  The  average  expression  level  of  each  gene  in 
two  groups  was  calculated  and  the  cutoff  value  was  set  to  1.7  or  0.5  for  the  ratio  of  median.  To 
generate  the  relative  intensity  (ratio)  values  each  gene's  measured  intensity  was  divided  by  its 
control  channel  value  in  each  sample.  To  correct  for  artifacts  caused  by  non-linear  rates  of  dye 
incorporation  as  well  as  inconsistencies  of  the  relative  fluorescence  intensity  between  some  red 


and  green  dyes,  we  used  an  intensity-dependent  normalization  (known  as  Lowess 
Normalization).  This  normalization  method  fits  a  curve  through  the  data  and  uses  this  curve  to 
adjust  the  control  value  for  each  measurement.  When  the  resulting  normalized  data  is  graphed 
versus  the  adjusted  control  value,  the  points  are  distributed  more  symmetrically  around  the  45® 
line.  As  mentioned  elsewhere  the  AECOM  made  20K  cDNA  chips  were  used  in  this 
investigation  and  the  data  was  generated  using  Genepix  program  and  analyzed  by  Genespring 
softwares.  Red  (HI- 177)  to  green  (C-100)  ratios  was  analyzed  in  three  completely  independent 
experiments. 

Results 

Gene  expression  profile  of  highly  metastatic  breast  carcinoma  cell  line  was  compared  with  that 
of  nm23  mediated  low  metastatic  cell  line  model  by  cDNA  microarrays.  The  expression  profile 
of  different  genes  under  different  pathways/functions  revealed  the  possible  involvement  of  some 
known  and  many  more  unknown  genes  in  nm23  directed  breast  metastasis  inhibition. 

Characterization  of  rm25  transected  cell  lines 

MDA-MB-435  breast  carcinoma  cell  line  is  known  to  be  highly  metastatic  (C-100)  and  the  same 
transfected  with  nm23  gene,  is  low-metastatic  (Hl-177).  However,  these  cell  phenotypes  are  not 
distinguishable  by  morphological  or  growth  rate  variations.  In  order  to  avoid  any  confusion 
between  these  cell  lines,  before  initiating  the  cDNA  microarray  experiments,  we  verified  the 
expression  of  RNA  and  protein  levels  of  nm23  gene  in  these  cell  lines,  and  also  evaluated  their 
metastatic  potential  in  a  SCID  mouse  model.  RT-PCR  (Fig.  3)  and  Western  blotting  (Fig.  1) 
results  showed  elevated  levels  of  expression  of  mRNA  (2.2  fold)  and  protein  (20.5  fold)  in  Hl- 
177  cell  line  compared  to  C-100.  The  results  of  experiments  using  the  SCID  mice  (Fig.  2)  to 
evaluate  metastasis  potential  of  these  cell  lines  supported  the  working  hypothesis  that  the  nm23 
overexpressing  Hl-177  cells  were  low  metastatic  compared  to  the  C-100  cell  line.  As  mentioned 
in  the  figure  2,  the  average  number  of  metastatic  cell  foci  were  higher  in  C-100  (67  per  mouse) 
compare  to  Hl-177  (2  per  mouse). 

Genes  associated  with  nm23  mediated  breast  metastasis 

Expression  of  nm23  gene  is  known  to  reduce  the  metastatic  potential  in  several  carcinoma  cell 
lines.  However,  downstream  alterations  in  gene  expression  profile  resulting  from  the  modulation 
of  nm23  gene  especially  at  the  global  level,  has  not  been  studied.  To  determine  the  genes 
associated  with  nm23  mediated  spontaneous  breast  metastasis  inhibition,  cDNA  microarray 
experiments  were  performed  using  total  RNA  from  two  cell  lines  namely,  C-100  (highly 
metastatic)  and  Hl-177  (low  metastatic).  Out  of  20,000  genes  analyzed  in  each  experiment  due 
to  printing  and  other  technical  problems,  about  5.6%  (1,111  out  of  20,000)  of  these  genes  and 
ESTs  were  flagged  and  therefore  were  not  considered  for  analysis  in  these  experiments. 

The  cDNA  microarray  results,  in  3  independent  experiments,  revealed  2158  genes,  the 
expression  (up  and  down  regulation)  of  which  was  altered  significantly  and  consistently  between 
high  and  low  metastatic  cell  RNA  samples.  The  expression  of  197  genes  (1.04%)  in  the  total  of 
18,889  cDNAs  was  elevated  more  than  1.7  fold  in  the  low  metastatic  cells  as  compared  to  the 
highly  metastatic  cells.  Of  the  197  sequences,  133  (67.5%  and  0.7%  in  total)  are  known  genes 
while  64  (32.49%  and  0.34%  in  total)  are  ESTs.  Conversely,  the  expression  of  1961  genes 


(10.38%)  was  down  regulated  (<  0.5  fold)  in  the  low  metastatic  cells  or  elevated  (>  1.7  fold)  in 
the  highly  metastatic  cells.  Of  the  1961  sequences  811  (41.36%  and  4.29%  in  total)  are  known 
genes  while  1150  (58.64%  and  6.10%  in  total)  are  ESTs.  To  extrapolate  an  association  between 
these  differentially  expressed  genes  with  different  functional  pathways  of  breast  cancer 
metastasis,  we  grouped  some  of  these  genes  and  ESTs  into  6  functional  categories,  namely 
invasion  and  metastasis,  apoptosis  and  senescence,  signal  transduction  molecules  and 
transcription  factors,  cell  cycle  and  repair,  adhesion  and  angiogenesis.  A  partial  list  of  genes  are 
presented  in  table  1,  under  these  6  different  groups.  cDNA  microarray  expression  levels  of 
certmn  important  genes  associated  with  invasion  and  metastasis  (nm23,  PTEN,  MMPl, 
SWI/SNF  and  ErbB2),  adhesion  (integrin  a3  and  fibronectinl),  angiogenesis  (VEGF)  and  cell 
cycle  and  DNA  damage  repair  (ATM  and  BRCA2)  in  these  2  cell  line  RNA  samples  were 
validated  by  semi-quantitative  RT-PCR  (Fig.  3).  Some  of  these  gene  expressions  were  also 
confirmed  by  real-time  quantitative  RT-PCR  (data  not  shown). 

Discussion 

The  discovery  of  nm23  gene  has  elicited  a  great  deal  of  interest  in  understanding  the  molecular 
mechanisms  involved  in  metastasis  inhibition.  Nm23  is  considered  a  legitimate  metastasis- 
suppressor  gene  in  human  breast  cancer,  since  transfection  of  nm23-Hl  into  a  breast  cancer  cell 
line  suppressed  metastasis  by  decreasing  motility,  invasion  as  well  as  colonization.^  Human 
nm23  genes  (HI  and  H2)  are  shown  to  be  identical  to  human  nucleoside  diphosphate  kinases 
(NDPK)-A  and  B.*°  Although  this  observation  attributed  a  biological  function  to  nm23,  no 
correlation  between  NDPK  activity  and  the  suppression  of  metastasis  has  been  shown.  Thus 
very  little  is  known  about  the  exact  role  of  nm23  in  the  process  of  metastasis  inhibition. 

To  further  elucidate  the  downstream  pathways,  identify  novel  genes  and  potential  targets  for 
drug  development  involved  in  nm23  mediated  suppression  of  metastasis,  we  compared  a  pair  of 
breast  carcinoma  cells  with  different  metastatic  potentials  by  cDNA  microarray  analysis.  We 
found  that  nm23  transfection  in  low  nm23  expressing  cell  line  (MDA-MB-435)  affected  the 
expression  of  genes  involved  in  a  wide  variety  of  biological  functions  as  shown  in  table  1.  Some 
of  the  identified  genes  and  ESTs  were  not  prewously  reported  to  be  related  \wth  tumorigenesis 
and/or  metastasis. 

As  shown  in  table  1,  over  expression  of  nm23  upregulated  several  genes  associated  with  cancer, 
such  as  CDC  42,  actin,  integrin  a3,  C/EBP  p  and  y,  cathepsin  D,  VEGF,  MMP  1,  rho  G, 
angiogenin  inhibitor  etc.  On  the  other  hand,  a  large  number  of  important  genes  associated  with 
different  aspects  of  tumor  progression,  such  as  cyclin  F,  CD2  associated  protein,  BRCA2, 
integrins  (a  2,  8,  9,  L  and  V),  CDC2,  CDK5,  collagen  type  VIII  al,  laminin,  neuronal  cell 
adhesion  molecules,  fibronectin  1,  catenin,  TGF  p2,  FGF7,  MMP14  and  16,  ErbB2  and  also 
PTEN  and  2  members  of  SWI/SNF  related  matrix  associated  proteins  (2  and  5)  are  down 
regulated  in  low  metastatic  Hl-177  cells.  Thus  these  results  provide  a  wide  view  of  a  large 
number  of  genes  whose  expression  was  altered  due  to  over  expression  of  metastasis  suppressor 
gene,  nm23  in  the  highly  metastastic  cell  line  (Table  1). 

In  our  study,  erb2  gene  expression  was  down  regulated  in  nm23  over  expressing  cells.  Over 
expression  of  c-erb-2/her2/neu  tyrosine  kinase  is  linked  to  poor  prognosis  in  breast  cancer  and  an 


increased  risk  of  metastasis,  and  resistance  to  therapy.*^  While  the  mechanism  of  nm23  and  erb2 
interaction  remains  to  be  established,  our  study  however  clearly  shows  an  inverse  relationship 
between  nm23  and  erb2  expression.  TGPP  and  one  of  its  receptor  were  down  regulated 
following  nm23  over  expression  indicating  that  nm23  is  associated  with  TGPp  signaling 
pathway  to  prevent  metastasis.  In  breast  cancer,  TGP-Bl  protein  levels  are  augmented  at  the 
advancing  edge  of  primary  human  breast  carcinomas  and  in  lymph  node  metastases.'"^  Over 
expression  of  nm23  showed  inhibition  of  cell  motility  in  human  and  murine  tumor  cells.  In  our 
study,  nm23  over  expression  led  to  down-regulation  of  different  integrins.  In  fact  most  of 
integrins  were  down-regulated  by  nm23  over  expression,  except  for  integrin  alpha3,  which  was 
up-regulated  by  nm23  over  expression.  Besides  integrins,  other  participants  of  cell  adhesion  and 
attachment,  such  as  laminin  and  fibronectin  were  also  down-regulated  by  nm23.  The  exact 
relationship  of  nm23  and  a3  integrin  remains  to  be  seen,  but  many  studies  have  linked  a3- 
integrin  to  metastasis.  In  endometrium  cancer,  mammary  carcinoma,  and  metastatic 
hepatocarcinoma,  a3-integrin  was  found  to  be  associated  with  tumor  growth  and 
metastasis.  VEGP  expression  level  was  found  to  be  up-regulated  in  nm23  gene  transfected 
cells.  This  is  consistent  v«th  the  finding  that  in  thymic  carcinoma,  VEGP  and  nm23  expressions 
were  strongly  correlated. Some  proposed  that  angiogenesis  and  the  expression  of  nm23-Hl 

protein  together  may  play  an  important  role  in  the  lymphatic  metastasis  process  of  breast 
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cancer. 


In  summary,  our  studies  demonstrate  that  nm23  gene  plays  a  major  role  in  metastasis  and  its 
mechanism  of  action  of  metastasis  suppression  in  this  cell  line  model,  may  involve  down 
regulation  of  genes  associated  with  cell  adhesion,  motility  (integrins  a  -2,  -8,  -9,  -L  and  -V, 
collagen  type  VIII  al,  fibronectin  1,  catenin,  TGP  p2,  PGF7,  MMP14  and  16,  ErbB2),  and 
tumor/metastasis  suppressors  (2  members  of  SWI/SNF  related  matrix  associated  proteins  2  and  5 
and  PTEN).  Although  the  mechanism  of  action  of  nm23  in  metastasis  inhibition  could  not  be 
established,  this  study  however,  highlights  a  list  of  genes  that  merit  investigation  in  other 
metastatic  cells  and  tumors. 
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Table.!.  Selected  groups  of  genes  that  are  differentially  expressed  in  low  metastatic  cells  (Hl- 
177)  compared  to  highly  metastatic  cells  (C-100).  Up  regulation  (>1.7  fold);  down  regulation 
(<0.5  fold). 


Cell  cvcle  and  DNA  damase  repair 

Up  regulated  genes 

Down  regulated  genes 

1.  W81 196:  CIX!42  effector  protein  2 

2.  AA634006:  Actin,  a^iha  2 

1.  AA676797:  Cyclin  F 

2.  N48329:  CD2-associated  protein 

3.  AA488718:  Human  BRCA2  region,  mRNA  sequence  CG018 

4.  AA041499:  Cell  division  cycle  4-!ike 

5.  AA453176:  Ataxia  telangiectasia  and  Rad3  related 

6.  AA504348:  T<^isomerase  (DNA)  II  alpha  (170kD) 

7.  AA598974:  Cell  divisi(m  cycle  2,  G1  to  S  and  G2  to  M 

8.  AA678295:  BRCAl  associated  RING  domain  1 

9.  N73242:  CHKl  (checkpoint,  S.pombe) 

10.  AA954188:  Tubulin-specific  chaperone  c 

11.  AA401479:  Cyclin-dependent  kinase  5 

Apoptosis  and  senescence 

1.  AA877255:  Human  interferon  regulatory  factor  7 

2.  AA058323:  Interferon  induced  transmembrane  protein  1 

3.  AAl 50500:  Interferon  stimulated  gene  (20kD) 

1.  N51014:  Homo  sapiens  apoptotic  protease  activating  factor  1 

2.  AA490894;  Tumor  necrosis  factor  receptor  shedding 
aminopeptidase  regulator  type  1 

3.  AA293571:  Tumor  necrosis  factor  receptor  superfamily,  member  6 

4.  T50828:  Caspase  7,  apc^osis-related  cysteine  protease 

5.  AA699697:  Tumor  necrosis  factor  (TNF  superfamily,  member  2) 

6.  R37093:  Apoptosis  regulator 

Sisnal  transduction  molecules  and  transcription  factors 

1.  H26183:  CCAAT/enhancer  binding  protein  (C/EBP),  beta 

2.  AA676804:  CCAAT/enhancer  binding  protein  (C/EBP),  gamma 

1 .  AAl 02068:  Heal  shock  transcription  fector  4 

2.  AA234897:  MADS  box  transcription  enhancer  factor  2,  polypeptide 

3.  AA419177 :  Solute  carrier  family  7  (cationic  amino  acid  transporter,  C  (myocyte  enhancer  tactor  2C) 

y+  system),  member  5  3.  AA039370:  Transcriptional  enhancer  factor  tef-1 

4.  N62394:  Gap  junction  protein,  beta  1, 32kD  (connexin  32) 


Angiogenesis 


1.  R88242:  Ribonuclease/angiogenin  inhibits 

2.  R19956:  Vascular  endothelial  growth  fector 

3.  AA664389:  Transforming  growth  factor  beta-stimulated  protein 
TSC-22 

1.  AA598794:  Connective  tissue  growth  factor 

2.  N45138:  Transforming  growfii  factor,  beta  2 

3.  H62473:  Transforming  growth  factor,  beta  receptor  III  (betaglycan, 
300kD) 

Adhesion 

1.  AA424695:  Integrin,  alpha  3  (antigen  CD49C,  alpha  3  subunit  of 
VLA-3  receptor) 

2.  AA485373:  Cathepsin  D  (lysosomal  aspartyl  protease) 

1.  R87964:  Megrin,  alpha  8 

2.  AA872420:  Collagen,  type  VIII,  alpha  1 

3.  AA463610:  Integrin,  alpha  2 

4.  R25521:  Neuronal  cell  adhesion  molecule 

5.  H24650:  Laminin,  gamma  1 

6.  AA865557:  Integrin.  alpha  9 

Invasion  and  metastasis 

1.  AA143201:  Matrix  metalloiffoteinase  1  (interstitial  collagenase) 

2.  AA644092:  Non-metastatic  cell  protein  (NM23A) 

3.  R763 14:  Ras  homolog  gene  family  (rho  G) 

4.  N72228;  Synovial  sarcoma,  X  brealq>oint  2 

5.  AA41 1640:  Ras-related  GTP-binding  protein 

6.  R50354:  Leukemia  inhibitory  factor 

1.  W37864:  Phosphatase  andtensin  homolog,  PTEN 

2.  H24688:  SWI/SNF  related,  matrix  associated,  actin  dependent 
regulator  of  chromatin,  subfamily  c,  member  2 

3.  AA598468:  SWI/SNF  related,  matrix  associated,  actin  dependent 
regulator  of  chromatin,  subfamily  a,member  5 

4.  N33214:  Matrix  metalloproteinase  14 

5.  AA443351:  V-erb-b2  avian  erythroblastic  leukemia  viral  oncogene 
faomotog  2 

6.  H09997:  Matrix  metalloproteinase  16 

7.  AI002301:  RAB13,  member  RAS  oncogene  family 

8.  N24966:  V-erb-b2  avian  erythroblastic  leukemia  viral  oncogene 
homolog  3 

9.  W84711:Fibronectml 

Table  2.  List  of  primers  used  for  RT-PCR  to  validate  the  differential  expression  of  some  of  the 
genes  selected  from  cDNA  microarray  experiments. 


Gene 

Primers 

Product  (bp) 

MMP-1 

F:  5  ’  TGTGGTGTCTCAC AGCTTCC  3  ’ 

R;  5’  CACATCAGGCACTCCACATA  3’ 

250 

a3-integrin 

F:  5’  TATTCCTCCGAACCAGCATC  3’ 

R:  5’  CTCTTCATCTCCGCCTTCTG3’ 

250 

NM23 

F;  5’  GCTGGTGAAGTACATGAACTC  3’ 

R:  5’  TCAGGCTTAAACCATAGGCTG  3’ 

221 

VEGF 

F;  5’  CCTTGCTGCTCTACCTCCAC  3’ 

R:  5’  CACACAGGATGGCTTGAAGA3’ 

197 

ErbB2 

F;  5’  GAGCTAGAGCGGCTTTTGAA  3’ 

R:  5’  TGGTAGGACACCTCAAAGGG  3’ 

214 

ATX 

F;  5’  GAGGTAAACCGCTATGGATTAC  3’ 

R:  5’  CCCTCAGAGGATTTGTCATCTC  3’ 

225 

BRCA2 

F:  5’  GCTATCACAGGACCCAGACC  3’ 

R:  5’  TTACTTGAACCCGGGAAGTG  3’ 

197 

SWI/SNF 

F;  5’  TCTTCTGCACTGGGGCTACT  3’ 

R:  5’  GGGAGACAGGGTTTTTGTCA  3’ 

199 

Fibronectin 

F:  5 ’  ACC AACCTACGGATGACTCG  3 ’ 

R:  5’  GCTCATCATCTGGCCATTTT  3’ 

230 

PTEN 

F:  5’  AGACCATAACCCACCACAGC  3’ 

R.  5’  ACACATAGCGCCTCTGACTG  3’ 

254 

P-actin 

F:  5’  TCACCCACACTGTGCCCATCTACGA  3’ 

R;  5’  CAGCGGAACCGCTCATTGCCAATGG3’ 

295 

Western  Blot 
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Fig.  1.  Expression  of  nni23  in  different  MDA-MB-435  cell  lines.  Western  blot 
showed  about  20  fold  overexpression  of  nni23  protein  (17KDa)  in  Hl-177  cells 
(low  metastatic)  compared  to  C-100  cells  (highly  metastatic).  Same  blot  was 
stripped  and  probed  with  P-actin  to  demonstrate  equal  loading.  As  shown  in  figure 
3,  RT-PCR  analysis  showed  2.2  fold  overexpression  of  nni23  transcript  in  Hl-177 
cell  line  compared  to  C-100. 


•  nni23 
-^-actin 


Fig.  2.  In  Vivo  Spontaneous  metastasis  SCID 
mouse  model:  The  left  panel  represents  the  mouse 
injected  with  C-100  cells  (vector  only)  and  right 
panel  injected  with  the  same  cell  line  but 
transfected  with  nm23(Hl-177).  Mice  injected 
with  C-100  showed  large  number  of  metastatic 
foci  (average  number  in  5  mice:  67)  compared  to 
that  of  Hl-177  (average  number  in  5  mice:  2) 
supporting  the  hypothesis  that  nm23  transfected 
cells  show  reduction  in  lung  metastasis. 
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Fig.  3.  Validation  of  cDNA  microarray  expression  results  of  certain  genes  by  RT- 
PCR. 
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ABSTRACT 

The  cytokine  hepatocyte  growth  factor/scattcr  factor  (HGF/SF)  pro¬ 
tects  epithelial  and  cancer  cells  against  DNA-damaging  agents  via  a 
pathway  involving  signaling  from  c-Mct  phosphatidylinosifoI-3- 
kinasc  c-Akt  However,  the  downstream  alterations  in  gene  expression 
resulting  from  this  pathway  have  not  been  established.  On  the  basis  of 
cDNA  microarray  and  semiquantitative  RT-PCR  assays,  wc  found  that 
MDA^B-453  human  breast  cancer  cells  prcincubated  with  HGF/SF  and 
then  aposed  to  Adriamycin  (ADR),  a  DNA  topoisomerasc  tl  inhibitor, 
exb&it  an  altered  pattern  of  gene  expression,  as  compared  with  cells 
treated  with  ADR  only.  {HGF/SF+ADRJ-treated  cells  showed  altered 
expression  of  genes  invedved  in  the  DNA  damage  response,  cell  Qrcic 
regulation,  ngnal  transduction,  metabolism,  and  development  Some  of 
these  alterations  suggest  mechanisms  by  which  HGF/SF  may  exert  its 
prot^ivc  activity,  «.g.,  up-rcguIation  of  polycystic  kidney  discasc-I  (a 
survival-promoting  component  of  cadbcrin-catcnin  complexes),  down- 
regulation  of  SIC  (an  inostol  polyphosphalc-5-phosphalasc),  and  down- 
regulation  ofTOPBPI  (a  topoisomerasc  IIB  binding  protein).  Wc  showed 
that  enforced  expression  of  the  cdc42-inlcracling  protein  CiP4,  a  cytosket- 
eton-assodated  protein  for  ndiich  expression  was  decreased  in  [HGF/ 
SF+ADRl-trcatcd  cells,  inhibited  HGF/SF-mediated  protection  against 
ADR.  The  cDNA  microarray  approach  may  open  up  new  avenues  for 
investigation  of  the  DNA  damage  response  and  its  regulation  by  HGF/SF, 


INTRODUCTION 

TTic  cytokine  HGF/SF^  ts  a  pleiotrophic  mediator  of  multiple  bio¬ 
logical  functions  that  plays  significant  roles  in  embryonic  develop¬ 
ment,  tissue  and  organ  repair,  tumorigcncsis,  and  angiogenesis. 
HGF/SF  has  been  found  to  protect  various  cell  types  against  apoptosis 
induced  by  a  variety  of  stimuli,  including  loss  of  contact  with  the 
substratum  (I),  exposure  to  staurosporine  (a  protein  kinase  inhibitor; 
Refs.  2, 3),  and  DNA  damage  (4-7).  Wc  have  reported  previously  that 
various  epithelial  and  carcinoma  cell  lines  arc  protected  by  HGF/SF 
against  apoptotic  cell  deaths  induced  by  DNA-damaging  agents,  in¬ 
cluding  ionizing  radiation,  ultraviolet  (UV-C)  radiation,  and  ADR 
(also  known  as  doxorubicin;  Ref.  5).  ADR  is  a  DNA  intcrcalator  and 
a  DNA  topoisomerasc  Ila  inhibitor  that  induces  single-  and  double- 
strand  DNA  breaks  similar  lo  iJiosc  induced  by  ionizing  radiation. 

Interestingly,  prcincubation  with  HGF/SF  also  reduced  the  number 
of  reridual  DNA  strand  breaks  at  24  h  after  exposure  to  ADR  or 
ionizing  radiation,  suggesting  that  HGF/SF  may  also  enhance  the  rate 
of  DNA  repair  {/.c.,  strand  rejoining;  Ref.  6).  The  increased  DNA 
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repair  and  the  cell  protection  again.*:!  DNA  damage  appeared  lo  be 
attributable  lo  at  least  in  part,  lo:  (a)  activation  of  a  cell  survival 
pathway  involving  PI3K  and  c-Akl  (protein  kinase  B);  and  (b)  sub¬ 
sequent  stabilization  of  the  protein  levels  of  the  antiapoptotic  mito¬ 
chondrial  pore-forming  protein  Bet-X^  (5,  6). 

These  studies  have  not  revealed  the  downstream  cflcclor  genes  that 
mediate  cyloproleclion  by  HGF/SF.  Cytoprolcclion  by  HGF/SF  might 
involve  nonnuclear  events,  such  as  inactivation  of  proapoptotic  cfTcc- 
lors  (e.g..  Bad  and  caspasc-9}  by  c-Akl-mcdialcd  protein  phosphoryl¬ 
ation  events  (8, 9),  However,  it  might  also  involve  prolonged  patterns 
of  altered  gene  expression  induced  by  HGF/SF  in  the  DNA-damaged 
cells.  The  latter  possibility  was  suggested  by  the  observation  that 
maximal  protection  required  a  prcincubation  of  cells  with  HGF/SF  for 
at  least  48  h  before  cxpo.surc  to  ADR  (5).  Shorter  prcincubation 
r^riods  yielded  less  protection,  and  application  ofHGF/SFonly  at  the 
lime  of  ADR  treatment  and  during  the  72-h  postincubalion  period 
gave  no  protection. 

To  investigate  the  potential  alterations  of  gene  expression  that 
might  contribute  to  HGF/SF-mediated  cell  protection,  wc  have  used  a 
cDNA  microassay  approach,  using  a  previously  studied  model  for 
HGF/SF  protection  (5).  MDA-MB-453  human  breast  cancer  cells 
were  prcincubated  with  HGF/SF,  exposed  to  ADR,  and  then  postin- 
cubated  in  ADR-free  culture  medium  for  72  h  to  allow  the  repair 
processes  to  proceed.  Alterations  of  mRNA  expression  were  exam¬ 
ined  in  cells  treated  with  [HGF/SF  +ADR],  in  comparison  with  cells 
treated  with  ADR  alone. 


MATERIALS  AND  METrHODS 

Sources  of  Reagents  and  Vectors  and  Sources  of  Reagents  and 
Antibodies.  Recombinant  human  Iwo-cliain  HGF/SF  ivas  gencrousfy  pro¬ 
vided  by  Dr.  Ralph  Schwall  (Department  of  Endocrine  Research,  Ocncntcch, 
Inc.,  South  San  Francisco.  CA).  ADR  (doxorabicin  hydrochloride)  and  MTT 
dye  (thi^l  blue)  were  purchased  from  Sigma  Chemical  Co.  (SL  Louis,  MO). 
Expre^ion  vectors  encoding  (ull-lcngth  and  truncated  or  deleted  fonns  of 
human  CIP4  have  been  described  earlier  ( 10).  Thc.se  CIP4  cDNAs  were  cloned 
into  tile  pRK5-myc  mammalian  cxprcs.sion  vector,  which  provides  an  NHj- 
tcnninal  myc  epitope  tag. 

Cell  Lines  and  Culture.  MDA-MB-453  human  breast  cancer  cells  were 
obtained  from  the  American  Type  Culture  Collection  (Rockville,  MD).  Cells 
w^  cultured  in  DMEM  supplemented  with  FCS  (5%  v/v),  noncsscnlial  amino 
acids  (100  mM),  L-glutaminc  (5  mM),  strcplomycm  <100  and  penicillin 

(100  uniis/ml;  all  from  BioWhitlakcr.  Walkcrsvillc,  MD).  Cells  were  grown  at 
37®C  in  a  humidified  atmosphere  of  95%  air  and  5%  COj. 

ADR  Treatment.  Subconnucm  protifcniting  cells  in  lOO-mm  plastic 
dt.slias  or  96- well  plates  were  (vcinciibalcrt  iii  the  absence  or  presence  of 
HGF/SF  (100  ng/ml  X  48  h)  in  scruni-frec  DMEM  and  then  sham-tFcalcd 
(control)  or  treated  with  ADR  (10  /tM  X  2  h.  at  37"C)  in  complete  culture 
medium  (DMEM  plus  5%  FCS).  CuUurcs  were  Uicn  washed  three  limes  to 
remove  the  ADR  and  postincubated  in  fresh  drug-free  complete  culture  me¬ 
dium  at  37®C  for  72  h  (again  in  the  absence  or  presence  of  HGF/SF,  respec¬ 
tively).  Cultures  were  then  harvested  for  isolation  of  total  cell  RNA  and  cDNA 
microarray  or  semiquantitative  RT-PCR  analyses. 

Transient  Transfections.  Subconiluent  proliferating  cells  were  transfected 
overnight  using  Lipofcclaminc  (Life  Tcclinologics.  Inc.,  Rockville,  MD;  10  fig 
of  plasmid  DNA/IOO-mm  dish)  and  then  washed  to  remove  the  excess  vector 
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and  Lipofcctaminc.  As  a  control  for  transfection  efficiency,  cultures  were 
cotransfected  with  10  of  a  /^galactosidasc  expression  vector  (pS  V-)3-gal; 
Promega  Corp.,  Madison,  Wl)  under  parallel  conditions;  and  /3-gaIactosidase 

was  detected  using  a  5-bromo-4-chIoro-3-indolyI-p-D-galactopyranoside  stain¬ 
ing  kit  (Gene  Therapy  Systems,  Inc.,  San  Diego,  CA). 

MTT  Cell  Viability  Assay.  This  assay  is  based  on  the  ability  of  viable 
mitochondria  to  convert  MTT,  a  soluble  tetrazolium  salt  into  an  insoluble 
formazan  precipitate,  which  is  dissolved  in  dimethyl  sulfoxide  and  quantitated 
by  spectrophotometry  (I  I).  To  test  the  effect  of  CIP4  on  HGF/SF-mediated 
cell  protection,  cells  transiently  transfected  with  CUM  expression  vectors  (see 
above)  were  harvested  using  trypsin  and  seeded  into  96-wcIl  dishes  (2000 
ccll/well)  in  standard  growth  mcxllum,  incubated  for  24-48  h  to  allow  attach¬ 
ment  and  entry  into  the  cell  cycle,  prcincubated  ±  HGF/SF  (100  ng/ 
ml  X  48  h),  treated  with  ADR  (JO  or  20  /tm  X  2  h),  postincubalcd  for  72  h, 
and  tested  for  MTT  dye  conversion.  Cell  viability  was  calculated  as  (lie  amount 
of  MTT  dye  conversion  relative  to  sham-treated  control  cells.  Ten  replicate 
wells  were  tested  for  each  experimental  condition.  Statistical  comparisons 
were  made  using  the  Iwo-tailcd  Student's  t  test. 

Isolation  of  RNA.  After  cell  treatments  ±  ADR  T  HGF/SF,  the  total 
cellular  RNA  was  extracted  using  TRJzol  Reagent  (Life  Technologies,  Inc.), 
according  to  the  manufacturer’s  instructions.  The  RNA  was  treated  with 
DNase  and  precipitated  using  95%  ethanol  prior  to  cDNA  synthesis.  Isolated 
RNA  was  cicctrophorcscd  through  1.0%  agarose -fonna I dehyde  gels  to  verify 
the  quality  of  the  RNA,  and  RNA  concentrations  were  determined  from 
absorbance  measurements  at  260  and  280  nm. 

cDNA  Synthesis  and  Microarray  Hybridization.  One  hundred  /ig  of 
total  cellular  RNA  was  annealed  to  oligo(dT)  and  reverse-transcribed  in  tlie 
presence  of  Cy3-labclcd  or  of  Cy5 -labeled  dUTP  (Amersham  Pharmacia 
Biotech,  Piscataway,  NJ),  using  10,000  units/ml  of  Superscript  II  reverse 
transcriptase  (Life  Technologies,  Inc.).  The  resulting  Cy3-  and  Cy5-labclcd 
cDNAs  were  treated  with  RNasc  One  (Promega)  for  10  min  at  37®C,  com¬ 
bined,  purified  by  using  a  Ccntiicon-50  filtration  spin  column  (Milliporc, 
Bedford,  MA),  and  concentrated  to  a  final  volume  of  6.5  /xl.  Tlie  cDNA  was 
then  combined  with  12.5  of  hybridization  solution  and  1.0  of  blocking 
solution  to  a  final  volume  of  20  ftl.  The  mixture  was  heated  at  94®C  for  2  min 
and  centrifuged  at  13,000  rprn  for  10  min,  and  the  supernatant  was  transferred 
to  a  clean  tube  and  incubated  at  50°C  for  I  h, 

Hybridi2:ations  were  performed  ori  cDNA  microarray  glass  slides  prepwred 
at  the  Albert  Einstein  College  of  Medicine  microarray  facility.  Each  slide 
contained  9216  unique  human  cDNA  clones.  The  hybridization  solution  was 
placed  on  a  pretreated  microarray  slide,  covered  with  Hybri-slip,  and  then 
incubated  in  a  hybridization  chamber  overnight  at  50°C.  After  hybridization, 
the  slide  was  washed  at  room  temperature,  first  with  0.2  X  SSC,  0.1%  SDS  for 
20  min  with  gently  shaking,  and  then  wiOi  0.2  X  SSC  two  times  (20  min  each 
lime).  The  slide  was  dried  by  spinning  at  low  speed  in  a  centrifuge  for  5  min. 

Scanning,  Griding,  and  Analysis.  The  slides  were  scanned  using  a  Mi- 
croairay  Scanner  4000A  (Axon  Instruments)  at  the  Albert  Einstein  College  of 
Medicine  Cancer  Center  microarray  facility.  The  scanner  output  images  were 
localized  by  overlaying  a  grid  on  the  fluorescent  images,  using  the  ScanAlyzc 
software  by  Michael  Eisen,  Stanford  University.^  Tlie  fluorescent  intensities 
were  then  calculated,  using  the  program  Copy  of  FUBAR!  (the  easy  way  out). 
The  final  reported  intensity  was  the  difference  between  average  probe  intensity 
and  average  local  background  intensity.  Both  final  reported  intensities  (green 
and  led)  were  filtered,  and  the  spots  with  intensity  <L5  were  eliminated.  The 
ratios  of  the  red  intensity  to  the  green  intensity  and  green  intensity  to  red 
intensity  for  all  targets  were  determined.  The  cDNA  microarray  results  com¬ 
paring  cells  treated  with  (HGF/SF + ADR)  versus  ADR  alone  arc  based  on 
tlinic  completely  independent  experiments  involving  separate  cell  trcatmciiLs, 
separate  RNA  isolations,  and  separate  microarray  assays.  The  microarray 
results  comparing  cells  treated  with  HGF/SF  alone  vs  0  (control)  arc  based  on 
two  completely  independent  experiments. 

Semiquantitative  RT-PCR  Analysis.  Aliquots  of  total  cellular  RNA  (1.0 
fig)  were  sul^cctcd  to  first-strand  cDNA  synllxrsis  using  Superscript  11  reverse 
tTMScriptase  (Life  Technologies,  Inc.),  and  the  cDNA  was  diluted  five  times 
with  water.  One  fil  of  the  diluted  cDNA  was  used  for  each  PCR  reaction.  PCR 
amplifications  were  performed  using  a  Perkin-Elmer  DNA  thermal  cycler.  The 


^Internet  address:  ciscn@gcnomc.stanford.edu,  1998-1999. 


PCR  primer  sets  used  in  this  study  arc  shown  in  Tabic  1.  The  PCR  rcacHon 
conditions  were  individually  optimized  for  each  gene  product  studied.  For  each 
gene  product,  the  cycle  number  was  adjusted  so  that  the  reactions  fell  within 
the  linear  range  of  product  amplification.  PCR  reaction  conditions  and  cycle 
numbers  arc  shown  in  Tabic  2,  The  /3-actin  and  j32-microglobuIin  genes  were 
used  as  controls  for  loading.  PCR  products  were  analyzed  by  electrophoresis 
through  1.2%  agarose  gels  containing  0,1  mg/ml  of  cthidium  bromide,  and  the 
gels  were  photograpbed  under  ultraviolet  illumination.  The  amplified  cDNA 
product  bands  were  quantitated  by  densitometry, 

IP  and  Western  Blotting.  Subconflucnt  proliferating  cells  were  harvested, 
and  whole  cell  extracts  were  prepared,  as  described  earlier  (5).  Each  IP  was 
carried  put  using  6  fig  of  antibody  and  1000  fig  of  total  extract  protein. 
Precipitated  proteins  were  collected  using  protein  G  beads,  washed,  eluted  in 
boiling  Lacmmli  sample  buffer,  and  subjected  to  Western  blotting.  The  c-Mct 
IP  antibody  was  c-Mct  COOM-lcmiinal  antibody  SP260  (Santa  Cruz  Biotech¬ 
nology,  Santa  Cruz,  CA).  The  control  IP  antibody  was  an  equivalent  quantity 
(6  fig)  of  normal  mouse  IgG  (Santa  Cruz  Biotechnology). 

Western  blotting  was  performed  as  described  earlier  (5).  The  immunoprc- 
cipitated  proteins  or  equal  aliquots  of  total  cell  protein  (50  fig/Iane)  were 
electrophorescd,  transferred,  and  blotted  using  the  appropriate  primary  anti¬ 
body.  The  primary  antibodies  were:  (a)  anti-c-Mct  antibody  H-I90  (sc-8307, 
rabbit  polyclonal  IgG;  Santa  Cruz  Biotechnology;  1:500  dilution);  (6)  anti- 
phosphotyrosinc  antibody  (Ab-4,  mouse  monoclonal;  Calbiochcm/Oncogcne 
Research  Products;  1:500  dilution);  and  (c)  an  anti-myc  mouse  monoclonal 
antibody  (Invitrogcn,  Carlsbad,  CA)  at  a  1:1500  dilution,  to  delect  the  myc 
epitope  tagged  wild-type  and  mutant  CIP4  proteins. 

RESULTS 

cDNA  Microarray  Analyses.  The  purpose  of  this  study  was  to 
identify  candidate  genes,  the  expression  of  which  is  altered  by 
HGF/SF  in  the  setting  of  DNA  damage,  that  might  contribute  to  the 
HGF/SF-raediated  protection  against  ADR.  ADR  is  a  DNA  topoi- 
somcrase  Ila  inhibitor  that  induces  single-  and  double-stranded  DNA 
breakage.  The  basic  experimental  protocol  is  described  in  “Materials 
and  Methods”  and  is  summarized  in  the  diagram  shown  below: 

±  HGF/SF  (lOOng/ml) 

MDA-MB-453  cells - ADR  - 

(Subconnucm,  Prolirewling)  Pre-lncubale  X48  h  (lo  piv  X  2  h)  PiifctinciilMite  X  72  h 

cDNA  microarray  analysis: 

[HGF/SF  +  ADR]  versus  ADR 

This  design  was  chosen  for  several  reasons.  The  main  comparison 
was  between  [HGF/SF+ADR]  versus  ADR  alone  to  identify  genes 
for  which  expression  was  altered  by  HGF/SF  during  the  response  to 
DNA  damage,  because  it  is  likely  that  some  of  these  alterations  may 
contribute  to  HGF/SF-mediated  cell  protection.  However,  a  compar¬ 
ison  of  cells  treated  with  HGF/SF  versus  CONTROL  (sham  treatment 
only)  was  also  made.  A  postincubation  period  of  T  =  72  h  after 
removal  of  ADR  was  used  to  examine  well-established  alterations  in 
gene  expression  rather  than  transient  changes  occurring  immediately 
after  DNA  damage.  Furthermore,  alterations  in  raRNA  levels  ob¬ 
served  at  T  =  72  h  are  more  likely  to  reflect  changes  in  protein  protein 
levels,  because  the  mRNA  alterations  arc  of  a  prolonged  duration. 

Previous  studies  indicate  that  the  ability  of  HGF/SF  to  protect  cells 
against  DNA-daraaging  agents  is  attributable  to  a  c-Met  receptor- 
mediated  signaling  pathway  leading  to  the  activation  of  a  c-Akt- 
dependent  survival  pathway  (6,  7).  The  HGF/SF-mediated  cell  pro¬ 
tection  was  blocked  by  two  fragments  of  the  HGF/SF  protein 
(designated  NKl  and  NK2)  that  bind  strongly  to  the  c-Met  receptor, 
fail  to  fully  activate  c-Mct  signal  transduction,  and  function  as  com¬ 
petitive  antagonists  of  the  full-length  HGF/SF  protein  (5).  Here,  wc 
show  by  IP-Wcstem  blotting  that  exposure  of  MDA-MB-453  cells  to 
HGF/SF  (100  ng/ml  X  20  min)  causes  a  large  increase  in  the  degree 
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Tabic  I  Primers  used  for  semiguaniitativc  RT-PCR  analyses 


Gene  name 

Primer  Sequences  (5’  3') 

Gene  bank 
accession  no. 

Position  in 
cDNA  sequence 

Expected  size 
of  product  (bp) 

ATh4  (ataxia  telangiectasia  mtttatcd) 

Sense:  ctcagatggtcagaagtgttgaggc 

NM^OOOOSl 

8030-8757 

728 

Polycystic  kidney  disease-!  (PKD-!) 

Antisense:  tacactgcgcgtataagccaatcgc 

Sense:  ctcctatcttgtgacagtcaccgcg 

NM  000296 

4528-5211 

684 

Lysyl  hydroxylase  (LH) 

Antisense:  gtccagctgtaggagacgitggtgc 

Sense:  cgtcgatccctaattggccaggcc 

L06419 

2372-2986 

615 

Lactate  dehydrogenase  tvfte  A  (IDU-A) 

Antisense:  aagalcgagctglgcacagatgcc 

Sense:  lagttclgccacctclgacgcaec 

X02 152.1 

1330-1628 

299 

VI  snRNPlO 

Antisense:  tataacncttggatagttggtlgc 

Sense:  cgcagatggcaagaagatlgatggc 

NM_003089 

1700-2096 

397 

Vascular  endothelial  growth  factor  (VEGF) 

Antisense:  actccRgclgcUceccccttccgg 

Sense:  algtclatcagcgcagclaclgcc 

XM_0045I2 

150-548 

399 

Phosphoglycerate  kinase  /  (POK-l) 

Antisense:  cangctgcctcgccttgcaacgcg 

Sense:  ggtagtccttatgngccacctaggc 

XM.010102 

250-1 OU 

762 

c-Myc 

Antisense:  cagccagcaggiatgccagaagcc 

Sense:  cacatcagcacaactocgcagcgc 

K02276 

1331-1847 

517 

Cdc42-interocting  protein  (OP-4) 

Antisense:  gactcagccaaggttgtgaggltgc 

Sense:  caagacatggatgaaegeagg 

AJ000414 

688-1550 

863 

SI00A9  (calgrahulin  B) 

ThlF-inducible  gene  product  B94 

Antisense:  gagatagtgccclcgctgg 

Sense:  aggagttcatcatgcigatggcg 

Antisense:  Iggcctggcclcctgaltagtgg 

NM^002965 

275-479 

205 

Sense:  gagtgcagtggcctggtcatggc 

Antisense:  Icctgactcageactgcagaggc 

M92357 

3306-3944 

639 

51C  (inosUol-5‘ -polyphosphate  phosphatase  like-l.  INPPLl)  Primer  Set  HI 

Sense:  ctlecttcgattcagtgaggagg 

L368I8 

2062-2804 

743 

SIC  (inosital-5* -polyphosphate  phosphatase  like-l,  INPPLl)  Primer  Set  U2 

Antisense:  ccttatcaatgctgatccactcg 

Sense:  Icagggcagtatctctctgcc 

Y 14385 

4077-4522 

446 

Topoisomerase  binding  protein- J  (TOPBPl) 

Antisense:' accccaataatattaagglgc 

Sense:  cgacctagagtacactaalcgc 

NM^007027 

4630-5123 

494 

Protein  Ser/Tkr  kinase  STK2 

Antisense:  gcttcctcattaaaccttgtgc 

Sense:  caacttacagtgtgaaagctcgcc 

NM_003157 

2646-3144 

499 

Protein  tyrosine  phosphatase  (PTPN2) 

Human  Gu  protein 

Antisense:  cttaaggttaltaacaatagcagg 

Sense:  ctaaggaagacttaicteetgcc 

Antisense:  tgtagcaclglcagttactagtg 

NM„002828 

938-1359 

422 

Sense;  acaggcagagctggaaggac 

Antisense:  actgatgcgglaggtacatc 

U41387 

1636-2123 

488 

B-Actin 

Sense:  tagcggggttcacccaeactgtgccccaicta 
Antisense:  ctagaagcatttgcggtggaccgatggaggg 

XM^0048I4 

541-1201 

661 

B^-Microglobulin 

Sense:  ctcgcgctactctctctttc 

Antisense:  tgtcggatggatgaaaccag 

XM^007650 

41-176 

136 

of  activation  (tyrosine  phosphorylation)  of  c-Met  (Fig.  \A).  These 
findings  support  the  role  of  the  c-Met  receptor  in  HGF/SF-mediated 
cell  protection. 

An  illustration  of  cDNA  microarrays  comparing  gene  expression  in 
cells  treated  with  [HGF/SF+ADR]  ver.vu,v  ADR  alone  and  in  cells 
treated  with  HGF/SF  verxus  0  (control)  is  provided  in  Fig.  \B.  Gene 
products  whose  expression  was  consistently  increased  in  [HGF/ 
SF+ADR]-trcatcd  cells,  relative  to  cells  treated  with  ADR  alone,  by 
an  average  ratio  of  >  1 .7  in  at  least  two  of  three  completely  independ¬ 
ent  experiments  (/.e.,  separate  cell  treatments,  RNA  isolations,  and 
microarray  hybridizations)  are  listed  in  Table  3.  Those  gene  products 
for  which  expression  was  consistently  decreased  in  cells  treated  with 
[HGF/SF+ADR]  relative  to  ADR  alone  (ratio  <0.7  in  at  least  two  of 
three  completely  independent  experiments)  arc  listed  in  Table  4.  The 
ratio  values  shown  in  these  tables  represent  the  mean  ±  range  {n  =  2) 
or  mean  ±  SD  (w  =  3).  Some  of  the  cDN  A  sequences  contained  on 
the  microarray  slides  corresponded  to  expressed  sequence  tags  for 
which  the  full-length  sequence  is  not  available  in  public  domain 
databases.  Alterations  in  the  expression  of  cDNAs  corresponding  to 
these  cDNAs,  lor  which  there  is  little  or  no  information  available  on 
the  structure-function  of  the  putative  gene  product,  are  not  included  in 
Tables  3  and  4. 

Although  the  HGF/SF-induced  alterations  in  gene  expression  in  the 
setting  of  DNA  damage  were  not  usually  very  large  (1.7-4.0-rold 
increases  and  0.41-0. 67-fold  decreases),  these  changes  were  repro¬ 
ducible.  Elevated  mRNA  levels  in  the  [HGF/SF+ADR]  group  (rela¬ 
tive  to  ADR  alone)  were  observed  for  various  different  functional 
classes  of  genes,  including  genes  involved  in  the  DNA  damage 
response  (e.g.,  ATM  and  FENl),  cell  cycle  regulation  (c.g.,  Hs-cul-3 
and  HsGAK),  signal  transduction  (e.g.,  RHO  B  and  CSBP1\  protein/ 


RNA  synthesis  and  metabolism  (e.g,,  elF3,  U!,  and  snRNP7(Jf),  develop¬ 
ment  and  cellular  differentiation  (c.g.,  PKDl  and  IRX-2a),  general  cel¬ 
lular  metabolism  (c.g.,  LDH-A  and  PGICl),  and  other  functional 
categories  (see  Table  3).  The  abbreviations  for  these  gene  products  are 
defined,  and  their  functions  (or  putative  functions)  are  shown  in  Table  3. 

Genes  for  which  the  mRNA  levels  were  reproducibly  decreased  in 
[HGF/SF+ADR]-trcatcd  cells  (relative  to  ADR  alone)  included  those 
in  similar  functional  classes:  including  DNA  damage  response  (e.g., 
TOPBPI\  cell  cycle  regulation  (e.g.,  c-Myc  and  C/P-^,  signal  trans- 


Tablc  2  PCR  reaction  conditions  for  semiquantUative  RT^PCR  assays 


Gene  name 

PCR  cycle  parameters 

No.  of 
cycles 

ATM 

94®C  (1  min);  65‘’C  (1  min);  72'*C  (1  min) 

31 

PKD-l 

94‘»C  (I  min);  72‘’C  (2  min) 

28 

Lysyl  hydroxylase 

94®C  (1  min);  60®C  (1  min);  72*C  (1  min) 

28 

LDH-A 

WC  (30  see):  57*c  (30  see);  72*C  (I  min) 

25 

VI  snRNPJO 

94*0  (1  min);  60*C  (1  min);  72*C  (1  min) 

30 

VEGF 

94*C  (1  min);  57*C  (1  min);  72*C  (I  min) 

28 

Phosphoglycerate  kinase-I 

94*C  (1  min);  60*C  (1  min);  72*C  (1  min) 

25 

(PCK-l) 

c-Myc 

94*C  (1  min);  57*C  (1  min);  72*C  (1  min) 

25 

CIP-4 

94*C  (1  min);  59®C  (1  min);  72*C  (1  min) 

35 

S100A9 

94*C  (1  min);  65'‘C  (1  min);  72*C  (1  min) 

31 

B94 

94*C  (1  min);  65*0  (1  min);  72*C  (1  min) 
94“C  (30  sec);  56*C  (30  sec);  72*C  (1  min) 

31 

SIC  pNPPH]  Primer  Set  ft! 

33 

(743-hp) 

SIC  [INPPLl]  Primer  Set  U2 

94*C  (30  see);  56*C  (30  sec);  72*C  (1  min) 

30 

(446-bp) 

TOPBPl 

94*C  (30  sec);  56*C  (30  see);  72*C  (1  min) 

30 

STK2 

94*C  (30  sec);  56*C  (30  see);  72*C  (1  rain) 

33 

PTPN2 

94*C  (30  sec);  56*C  (30  see);  72*C  (I  min) 

33 

Human  Gu  protein 

94*C  (30  sec);  55*0  (30  see);  72*C  (1  min) 

30 

B-Actin 

94*C  (30  sec);  56*C  (30  sec);  72*C  (1  min) 

23 

B2'^icroghbulin 

94'C  (1  min);  54“C  (1  min);  72"C  (1  min) 

28 
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Fig.  1.  HGF/SF  activates  c-Mct  and  causes  ahered  gene  expression  during  DNA 
damage.  A,  HOF/SF  causes  activation  (tyrosine  phosiAoiylaiion)  of  the  c-Mci  receptor. 
Subconfluent  proliferating  MDA-MB-453  celk  were  exposed  to  recombinant  human 
HGF/SF  (100  ng/ml  X  20  min)  and  harvested  for  IP-Wcsicm  blotting.  CclU  were 
immunoprccipitaicd  using  an  anti-c-Mci  antibody  or  the  same  amount  of  normal  IgG,  as 
a  negative  control.  IPs  were  then  Western  blotted  using  antibodies  against  c-Mct  and 
against  phosphotyrosinc  residues.  The  basal  level  of  phospholyrosylatcd  c-Mct  was  low 
but  was  increased  significantly  by  treatment  with  HGF/SF.  No  c-Mcl  or  phosphotyrosy- 
latcd  proteins  were  detected  in  the  control  (normal  IgG)  IP.  B,  illustration  of  cDNA 
microarray  grid.s  comparing  gene  expression  in  MDA-MB-453  cells  treated  with  [(HGF/ 
SF+ADR)  venux  ADR  alone]  {top  panels)  or  with  [HGF/SF  wmir  0  (control)]  {bottom 
jMmels),  Cells  were  treated  as  described  in  the  text.  The  panels  on  the  ri^it  show 
magnified  views  corre^x>nding  to  the  boxed  regions  of  the  array  on  the  left.  cDNAs 
isolated  from  cells  treated  with  [HGF/SF + ADR]  or  HGF/SF  were  labeled  with  Cy5  {red 
dye),  whereas  cDNAs  from  cells  treated  with  ADR  alone  or  0  were  labeled  with  Cy3 
(green  dye).  Spots  showing  red  (or  green)  fluorescence  correspond  to  genes  overex- 
pi«.sed  (undcrexpipsed)  in  cells  treated  with  [HGF/SF+ ADR]  relative  to  ADR  alone  and 
with  ITOF/SF  relative  to  0.  Yellow  sptUs  correspond  to  genes  equally  cxprcjjscd  under  the 
conditions  Ixing  compared,  whereas  the  absence  of  fluorescence  indicates  genes  under 
either  expenmental  condition.  Note  that  alterations  in  gene  expression,  indicated  by  red  or 
green  spots ^  are  more  prominent  in  the  comparison  of  [(HGF/SF + ADR)  wrrw.v  ADR! 
than  [HGF/SF  wmitv  0], 


auction  (c.g.,  5/C  and  STK2),  and  protein  and  RNA  metabolism  {e.g., 
human  Cu  protein).  Few  or  no  gene  products  for  which  expression 
was  reduced  were  observed  in  several  functional  classes,  including 
development  and  differentiation,  transcriptional  regulation,  and  gen¬ 
eral  cellular  metabolism.  However,  in  interpreting  the  significance  of 
the  lack  of  genes  whose  expression  was  decreased  in  certain  func¬ 
tional  classes,  it  should  be  noted  that:  (a)  the  number  of  genes 
included  in  each  functional  class  is  influenced  by  the  ratio  cutoffs, 
which  is  arbitrary;  (b)  fewer  genes  showed  decreased  than  increased 
expression,  based  on  the  ratio  criteria  chosen;  and  (c)  the  inclusion  of 


genes  in  the  different  functional  categories  was  somewhat  arbitrary, 
because  some  genes  could  be  included  in  more  than  one  category. 

Table  5  shows  a  cDNA  microarray  comparison  of  gene  expression 
in  MDA-MB-453  cells  treated  with  HGF/SF  relative  to  untreated 
control  cells.  These  data  indicate  that  the  number  of  genes  whose 
expression  is  reproducibly  altered  and  the  magnitude  of  the  alterations 
are  relatively  small  when  the  experiment  is  performed  in  the  absence 
of  treatment  with  ADR.  However,  it  was  noted  that  5/C  (INPPLI), 
which  was  decreased  in  [lIGF/SF+ADR]-trcalcd  cells  relative  to 
ADR  alone,  was  also  decreased  in  HGF/SF-treated  cells  relative  to 
control. 

RT-PCR  Assays.  Because  false-positive  results  are  commonly 
observed  in  cDN  A  microarray  analyses,  we  sought  to  confirm  some  of 
the  gene  expression  alterations  shown  in  Tables  3  and  4,  via  semi- 
quantitative  RT-PCR  assays,  using  techniques  described  before  by  us 
(12,  13).  The  PCR  primers  and  reaction  conditions  are  provided  in 
Tables  I  and  2,  respectively.  For  each  PCR  assay,  the  reaction 
conditions  and  cycle  numbers  were  individually  optimized  and  ad¬ 
justed  .so  that  the  reaction  fell  within  the  linear  range  of  product 
amplification.  p-Actin  and  two  genes  whose  ex¬ 

pression  wa.s  not  altered,  were  used  as  controls  for  loading.  The  levels 
of  amplified  PCR  products  were  quantitated  by  densitomctiy  and 
expressed  relative  to  P-actin.  Figs.  2  and  3  show  scraiquantitative 
RT-PCR  results  for  genes  whose  expression  was  either  increased  (Fig. 
2)  or  decreased  (Fig,  3)  in  cells  treated  with  [HGF/SF+ADR]  relative 
to  ADR  alone. 

In  general,  qualitative  agreement  between  the  cDNA  microarray 
and  RT-PCR  results  was  quite  good,  although  there  were  differences 
in  the  quantitative  extent  of  the  gene  expression  alterations  between 
the  two  assay  methodologies.  Figs.  2  and  3  show  16  different  genes 
for  which  expression  was  either  increased  (n  =  7)  or  decreased 
(n  =  9)  in  [HGF/SF *f  AD R]-trcated  cells  by  both  cDNA  microarray 
and  semiquantitative  RT-PCR  analyses.  Genes  confirmed  to  be  in¬ 
creased  in  the  [HGF/SF+ADR]  group  included:  ATM  {ataxia-telan¬ 
giectasia  mutated),  PKDI  {polycystic  kidney  disease-I),  lysyl  hydrox¬ 
ylase^  LDH-A  {lactate  dehydrogenase-A),  U1  snRNPlO  {U1  small 
nuclear  riboprotein,  70,000),  VEGF  {vasetdar  endothelial  growth 
factor),  and  PGKI  {phosphoglycerate  kinase).  Genes  confirmed  to  be 
decreased  in  the  [HGF/SF+ADR]  group  included:  c-Myc,  C1P4 
{cdc42-inieracting  protein-4),  S100A9  {calgramdin),  B94  (a  TNF- 
inducible  gene  product),  5/C  (an  inositol  polyphosphate-5-phospha- 
tase,  also  known  as  INPPLI  and  SHlP-2),  TOPBPl  (a  DNA  topoi- 
somerase  IIB  binding  protein),  STK2  (a  serine/threonine  protein 
kinase),  PTPN2  (a  protein  tyrosine  phosphatase),  and  Git  protein  (an 
RNA  helicase). 

Some  of  these  alterations,  although  novel  and  not  otherwise  pre¬ 
dictable,  make  sense  vrithin  the  context  of  explaining  how  HGF/SF 
may  protect  DNA-damagcd  cells,  as  will  be  considered  in  depth  in  the 
“Discussion.”  The  down-regulation  of  5/C  in  [HGF/SF+ADR]-treat- 
ed  cells  was  of  particular  interest  because:  (a)  a  decrease  in  5/C 
mRNA  levels  was  also  noted  in  cells  treated  with  HGF/SF  alone 
(related  to  sham-treated  control  cells);  and  {b)  51C  is  a  lipid  phos¬ 
phatase,  analogous  to  PTEN,  except  that  5/C  removes  the  5-phos- 
phate  whereas  PTEN  removes  the  3-phosphate  (14).  Thus,  5/C,  sim¬ 
ilar  to  PTEN  (15),  might  be  expected  to  inhibit  c-Akt  activation  (see 
Discussion”).  Thus,  we  also  examined  5/C  expression  levels  by 
semiquantitative  RT-PCR  using  a  completely  different  set  of  primers. 
Similar  results  were  obtained  for  5/C  using  both  sets  of  PCR  primers 
(see  Fig.  3). 

Finally,  it  is  noted  that  the  RT-PCR  assays  provide  additional 
information  not  obtained  in  the  microarray  comparisons.  The  RT-PCR 
assays  allow  comparisons  of  gene  expression  in  cells  treated  with 
ADR,  relative  to  control,  a  comparison  not  made  by  cDNA  microarray 
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Table  3  Genet  rxpresxitm  increased  in  [HGF/SF+ADMJ-irealed  celli  relative  to  /IDR  alone 


Gene  name 


Function 


ONA  damage  response 
/47V(ataxia>tdangicctaj;ia  mutated) 

FENl 

Cell  cycle  regulation 
CENP~F  Icinciochote 

HsGAK 

NuMu  gene  (clone  T33) 

CrW  gmwth  regulator  CGRI9 
CycUn  G2 

Sigial  transduction-related 
RHO  B  transforming  pnUein 
Dual  sped/icit)*  tyr  phtjsphory'laf.  regulated  kinase 
eSaidx  hiding  protein- J  [CSBPl]  '' 

Protein  jjhosphatwte  PPP2R2A  fPR53] 

RAB5A 

Protein  and  RNA  metabrdtxm 
Lysyl  hydrojnlaxe  [LHl,  also  knoum  ax  PLOD] 
elF3 

VI  snBNPyO  (small  nuclear  rilonucleoprotein) 
SAP49 

Cellular  and  nucleic  acid  binding  protein 

SNC19 

p-COP 

Cytokine  and  cytokine-induced 
Vascular  endothelial  growth  factor  (VEGF) 
VEGF-related  protein  [VRPJ 
Interferon-induced  Mf  17,000  protein 
Development  and  differentiation 
Keratin  17 
B4-2  protein 
Keratin  19 

Inu/uoix  class  homeodomain  prxjtein  IRX-2a 
Polycystic  kidney  diseaxe-I  ^KDl] 

Cancellous  hone  osteoblast 
SM22ci  homotogue  ITAGLN2] 

Transcriptional  regulation 
RIP140 
h1f-l 
DGS-r 

General  cellular  metahidism 
Lactate  dehydrogenase-A  [LDH-A] 
Phosidwglycerate  Idnase  fPGKl] 

Hcxokimise-I 

Gluaisydceramidase  precursor 
Phosphoglycenue  mutase  1  (PC AMI] 

Cytoskeletal  and  struciurvl  proteins 
Ezrin-radixin-moesin  phtxxphoprtttein  SO  [EBPW] 
pi  6-Arc  [ARClti] 

Miscetlanetms  and  unkmmm  function 
XAP-5 

OriP  binding  protein  [OBPl] 

JTV-I 

MACSO  (3*  end) 

Sm-like  (CaSm) _ 


DNA  damage  signaling,  nuclear  Pl-3-kinasc  domain  protein 
Flap  endonuclease- 1,  implicated  in  base  excision  repair  pathway 

Microtubule  motor  protein,  component  of  centromere 

Homology  to  cullin/cdc53  family,  ?  role  in  cell  proliferation  control 

Unibquitously  expressed  perinuclear  cyclin  G-associated  kinase 

Nuclear  mitotic  protein,  mitotic  cenuomerc  function 

Ring  finger  gene  Induced  by  p53 

May  mediate  proteolysis  of  GI  family  cyclias 

Endosomal  Rho  protein,  roles  in  receptor  tiafllcking  and  apoptosis 
Homolog  of  Drosophila  kinase  midbrain,  ?  role  in  bruin  development 
Also  known  os  ii38,  homolog  of  yeast  Hogl  MARK,  stress  response  signaling 
53,000  regulatory  subunit  of  Scr/Thr  protein  phosphatase  2A 
ms-relatcd  small  GTPasc,  regulator  of  vesicle  trafficking 

Collagen  modification,  defective  in  Dilcrs-Danlos  syndrome  VI 
Eukaryotic  translation  initiation  factor 
As^iated  with  RNA  processing  and  ubiquitination 
Spliccosomal  associated  protein,  RNA  processing 

Putative  novel  human  serine  protease  mapping  to  chr.  llq24-25 
Golgi  trunspon  protein,  component  of  COTI  complex 

Stimulates  endothelial  cell  proliferation  and  angiogenesis 

FLT4  ligand,  VEGF  family  protein 

Precursor  of  15  kDa  protein  homologoas  to  ubiquilin 

Soft  epithelial  keratin  9  {e.g.,  hair  follicle) 

Prolinc-rich  natural  Id  Her  cell  protein 
Intermediate  filament  protein 

TraiLscripiion  factor  involved  in  embryonic  patterning,  regional iTation 
Component  of  codhcrin-catcnin  complex,  endothelial  survival 
mRNA  expressed  in  osicoblasu;,  function  unknown 
Marker  of  difleremiated  srriooih  muscle  (SM)-likc  cells 

Nuclear  receptor-interacting  protein,  transcriptional  coactivator 
Novel  zinc  finger  protein  Isolated  from  a  brain  cDNA  library 
DiGeorge  (vclocardiofacial)  syndrome  candidate  gene 

En:^rmc  involved  in  anaerobic  glycolysis 

Glycolytic  enzyme,  induced  by  hypoxia -inducible  factor  lIIF-1 

Early  glucose  meuibolic  enzyme 

Degradation  of  GlcCcr,  mutated  in  Gaucher\s  disease 

Late  glycolytic  pathway  enzyme 

PDZ  phosphoprotcin,  linkage  of  cell  membrane  to  cytoskelcton 
Arp  2/3  complex  subunit,  control  of  aclin  polymerization 

Unknown  function 

Binds  to  Epstein  Barr  virus  replication  origin 
Gene  overlapping  PMS2,  function  uriknown 
Meningioma  expressed  protein 
Cancer-associated  Sm  motif-1  ike  domain  protein 


Ratio 


2.9  ±  0.0 
2.1  ±  0.04 

2.7  ±  0.3 
2.4  i  0.15 
2  J  ±  0.4 
2.1  ±  0.04 
2.0  ±  0,2 

1.9  ±  0.2 

4.0  ±  1.7 
2.1  ±  0.2 

2.1  i  0.15 
1.9  ±  0.2 

1.6  -  O.l 

2.4  ±  0.7 

2.2  ±  0.3 
2.1  ±  0.3 
2.1  ±  0.5 
2.0  ±  0.3 
1.9  s:  0.2 

1.8  ±  0.02 

2.8  ±  0.9 

2.1  ±  0.4 

1.8  t  0.2 

3.8  ±  1.5 

2.6  ±  0.8 

2.5  ±  0.7 

2.3  ±  0.4 
2.0  ±  0.4 
2.0  i  0.1 
1.7  ±  0.2 

2.1  ±  0.1 
2.1  ±  0.0 
2.0  ±  0.45 

4.1  ±  1.0 
4.0  ±  1.4 

2.2  i  0.3 
2.0  ±  0.4 

1.7  0.25 

3.8  ±  1.0 

1.8  ±  0.1 

3.1  ±  0.7 

2.1  ±  0.2 
1.9  ±  0.2 
1.9  ±  0.2 
1.7  ±  0.2 


analysis.  Thus,  in  Fig.  2,  it  was  observed  that  in  most  cases,  the  main 
effect  of  HGF/SF  was  not  to  alter  gene  expression  by  itself  but  to 
block  the  ADR-induced  reduction  of  mRNA  levels  that  were  observed 
in  the  absence  of  HGF/SF.  In  Fig.  3,  with  the  exception  of  J/Cand 
PTPN2^  HGF/SF  by  itself  did  not  significantly  alter  gene  expression; 
but  its  main  effect  was  to  block  the  ADR-induced  up-regulation  of 
mRNA  levels.  However  in  some  cases,  the  mRNA  levels  in  [HGF/ 
SF+ADR]-treatcd  cells  were  reduced  to  below  control  levels  (e  v 
CJP4  and  TOPBPI), 

Role  of  CIP4  in  HGF/SF-mediated  Protection  against  ADR. 
The  cdc42-interacting  protein-4  (CIP4)  was  originally  identified  as  a 
protein  that  binds  to  the  activated  form  of  cdc42,  a  Rho-!ike  small 
GTPase,  and  was  subsequently  found  to  bind  to  the  Wiskott-Aldrich 
syndrome  protein  (WASP)  through  its  COOH  terminus  and  to  micro¬ 
tubules  through  its  NHj  terminus  (Refs.  10, 16;  illustrated  in  Fig.  AA), 
Although  aP4  is  not  known  to  be  involved  in  cell  survival  or 
apoptosis  pathways,  the  finding  that  CIP4  mRNA  expression  is  up- 
regulated  by  ADR  and  that  HGF/SF  blocks  the  ADR-induced  up- 


regulation  of  CIP4  raises  this  possibility.  To  determine  whether  CIP4 
could  modulate  the  survival  of  MDA-MB-453  cells  in  response  to  of 
ADR  or  HGF/SF,  MDA-MB-453  cells  were  transfected  with  expres¬ 
sion  vectors  encoding  wild-type  (wt)  or  mutant  (truncated  or  deleted) 
forms  of  CrP4  containing  an  NHj-terminal  myc  epitope  tage  and  then 
assayed  for  their  survival  response.  The  MTT  assay,  which  measures 
cytotoxicity  as  the  loss  of  mitochondrial  function  (/.e,  the  ability  to 
reduce  a  tetrazolium  dye  to  formazan)  was  used  to  quantitate  cell 
viability  (1 1).  Expression  of  these  proteins  was  confirmed  by  Western 
blotting  of  transfected  cells  using  an  anti-myc  antibody  (see  Fig.  AB). 

Cells  transfected  with  wild-type  CIP4  (wtCIP4)  showed  an  in¬ 
creased  sensitivity  to  ADR,  as  well  as  a  significantly  decreased  degree 
of  cytoprotection  by  HGF/SF  (Fig.  4C),  consistent  with  a  role  as  a 
modulator  of  DNA  damage  or  apoptosis  response  pathways.  In  the 
absence  of  HGF/SF,  the  decrease  in  cell  survival  (viability)  in  wt- 
CIP4-transfectcd  cells  (relative  to  the  empty  vector  transfected  con¬ 
trol)  treated  with  ADR  alone  was  greater  at  10  fiM  ADR  (~28%; 
P  <  0,001,  two-tailed  t  test)  than  at  20  /im  ADR  (-10%;  P  <  O.Os] 


Al.TKRHD  GENE  EXPRESSION  IN  SE-TREATED  CELLS 


Table  4  Genes  whose  e.xj)rexxion  is  decreased  in  [HGF/SF+ADRJ-frealed  cells,  relative  to  ADR  alone 


Gene  name 


Function 


DNA  damage  ie.sponse 
P  gl)>coprotem  3/MDR3  [PGY3J 
Topoixomerase  binding  protein- 1  fTOPBPl] 
Cell  cycle  regulation 
e-hfyc 

CJP4  (cdc42-interucting  protein) 
rwc  inhibitor  (S'  end) 

Signal  tranxdudion-related 

180,000  tranxmembrtme  PJ^2  re(.vptor 
Protein  tyrosine  phosphatase  PTPN2 
I¥oto-oncogene  c-mer  [MERTK] 

Protein  serine/threonine  Idnase  STK2 
SIC  PNPPLI] 

Apoptosis-rehted 
CD40L  receptor 
Protein  and  RNA  metubolum 
Human  Gu  protein 
Cathepsitt  K  precursor 
Cxiokine  and  cvtokine-induced 
'B94 

Tazarotene-induced  gene  2  [7702] 

IGF-1  (somatomedin-C) 

FCF-7  (fibroblast  growth  factor-7) 
Development  and  differentiation 
None 

Tranxcriptitmal  regulation 
None 

General  cellular  metabolism 
None 

Cytavkeletal  and  structural  proteim 
S100A9  (calgranulin  B) 

Human  triadin 

yascular  cell  adhesion  molecule  VCAMl 
Ankyrin  C 

Miscellaneous  and  unknown  function 
hORC2L  (origin  recognition  complex) 

CHD2 

Rip- 1  (Rev-interacting  protein) 


Homologuc  of  multidrug  lesisiancc  protein  MDR-l,  drug  transport 
BRCT  domain  protein,  binds  DNA  topoLsomcrasc  TTR 

Proio-oncogcnc,  Rinctions  in  ^owth,  differentiation,  apoptosis 
[nieracLs  with  Wiskott-Aldrich  protein,  localized  in  cytoskeleton 
Effector  or  regulator  of  H-Ras  activity 

Receptor  for  secretory  phospholipases  A2,  inicmnlizes  PLA2 
Also  known  as  RT  PTP  (T  cell  protein  tyrosine  phosphatase) 

Member  of  Axl  subfamily  of  receptor  tyrosine  kinases 

Homologue  of  cell  cycle  regulatory  kinase  NIMA 

Inositol  potyphosphate-5'-phosphatase-ltke  (also  known  as  SHlP-2) 

Receptor  for  CD154,  member  of  TNF  death  receptor  family 

RNA  helicase,  member  of  DEXD  box  family,  target  of  adriamycin 
Lysosomal  acid  cysteine  protease,  mediates  proteolysis  of  bone 

TNF-induced  gene  pro^ct,  unknown  function 

Novel  leimoid-responsivc  gene,  deficient  in  psoriatic  sldn 

Insulin-like  growth  factor-1 

Also  known  as  kcratinocyic  growth  factor,  cpithclial-spccific  growth  factor 


Secretory  protein,  ?  roles  in  inflammatjon,  cicosanoid  metabolism 
Integral  rnembranc  protein,  binds  calscqucstrin 
Ig  superfamily,  interacts  with  o-4  integrins,  cell  trafficking 
Axon  nodal  protein  involved  in  assembly  of  specialized  smic  lures 

Putative  replication  initiation  protein 
Chromodomain  hclicasc  DNA-binding  protein  2 
InteracLs  with  HIV  Rev  protein,  ?  function 


Ratio 


0.51  ±  0.07 
0.61  ±  0.05 

0.41  ±  0.04 
0.42  ±  0.08 
0,60  ±  0.07 


0.51  ±  0.05 
0.57  i  0.17 
0.57  ±  0.10 
0.60  i  0.05 
0.61  ±0.10 

0.57  ±  0.08 

0.46  ±  0.01 
0.49  ±  0.10 

0.56  ±  0.07 
0.57  ±  0.02 
0.58  ±  0.02 
0.59  ±  0.07 


0.42  ±  0,25 
0.58  ±  0.16 
0.58  ±  0.07 
0.59  ±  0.13 

0.58  ±  0.05 
0.60  ±  0.13 
0.67  ±  0.01 


two-tailed  t  test).  This  finding  might  reflect  a  greater  degree  of 
up-rcgulation  of  endogenous  CIP4  expression  at  tlie  higher  dose  of 
ADR,  so  that  the  transfected  wtCIP4  has  a  smaller  effect.  For  cells 
treated  with  HGF/SF,  at  both  10  and  20  ADR,  the  survival  of  the 
wtCIP4-transfected  cells  was  significantly  lower  than  the  empty 
vector-transfected  cells  (P  <  0,001). 

The  quantitative  degrees  of  cell  protection  by  HGF/SF  were  calcu¬ 
lated  based  on  the  following  equation,  where  (S/S^)  =  cell  viability 
relative  to  control: 

Protection  by  HGF/SF  (%)  =  {[(*S'/5'o)+hc.f/sf+adr 

""  (^''^-^o)oHGF/SF+ADR]/[('S'/iS'o)o 

HGF/SF.  OADR  ~  {S/So)fi  hgf/sf+adr]}  X  1 00 

The  %  protection  values  at  doses  of  10  and  20  jllm  ADR  were 
averaged  and  plotted  in  the  bottom  panel  of  Fig.  4C.  On  the  basis  of 
these  calculations,  transfection  of  wtCIP4  reduced  the  HGF/SF- 


mediated  cell  protection  from  -85  to  40%.  On  the  other  hand,  there 
was  no  effect  of  wtCIP4  on  cell  viability  in  the  absence  of  ADR 
(100%  of  control). 

Expression  vectors  encoding  mutant  forms  of  CIP4  included  a 
deletion  of  the  microtubule  binding  domain  (CIP4  118-545),  a  dele¬ 
tion  missing  the  cdc42  binding  region  (CIP4  A  383-481)  and  a 
deletion  of  the  COOH-terrainal  WASP  binding  domain  (Fig.  4A),  In 
general,  these  deletion  mutants  had  little  or  no  effect  on  the  degree  of 
HGF/SF-mediated  cell  protection,  nor  did  they  affect  cell  viability  in 
the  absence  of  ADR  (Fig.  4C).  However,  cells  transfected  with  the 
mutant  CIP4  cDNAs  did  show  an  increase  in  cell  viability  (by  =15- 
20%)  at  20  /iM  ADR  in  the  absence  of  HGF/SF.  This  finding  may  be 
attributable  to  their  function  as  dominant  inhibitors  of  the  endogenous 
wild-type  CIP4,  although  that  conclusion  cannot  be  made  Ifom  this 
experiment  alone. 

Similar  findings  were  obtained  using  another  cell  type  that  is  also 


Tabic  5  Genes  whose  expression  is  altered  in  HGF/SF-treated  cells,  relative  to  untreated  control  cells 


_ Gene  name 

Gene  products  increased  in  HGF/SF-treated  cells 
lnterleukin-8  01^8) 

(Clone  chi 3  lambda  7)  et-tuhu!in 
Cyctochrome  c  oxidase  Vile  subunit  [COX7C] 
Tubulin  chain 

Gene  products  decreased  in  HGF/SF-treated  cells 
SIC  PNPPLI] 

il-TMP  (intestine/iiver  tetraspan  protein) 

Integrin  a-8  subunit,  3'  end 
Topoisomerase  IIB  frOP2B] 

Corticotrophin  releasing  factor  receptor  precunor 
Osteoblast  mRNA  for  ostenidogen 
Janus  kinase  1  fJAKl] 

MutS  homologue  3  fMSH3] 


_ Function 

Proinfiammaloiy  &  angiogenic  cytokine,  neutrophil  chemotaxis 
Microtubule  protein 

Subunit  of  COX  holocnzymc,  mitochondrial  energy  production 
Microtubule  protein 

Inositol  polyphosphalc-5*-phosphatasc-Hkc  (aka.  SHIP-2) 
Integral  membrane  protein,  density-dependent  growth  regulation 
Integrin  expressed  in  developing  brain  and  mesangial  cells 
Nuclear  enzyme  involved  in  DNA  replication  and  transcription 
Mediates  release  of  corticotrophin  (ACTH) 

Basement  membrane  componenL  entactin/nidogen  family 
Mediates  tyrosine  phosphorylation  ofSTATl 
DNA  mismatch  repair  enzyme 


Ratio 


1.6  ±  O.OI 
1.6  ±  0.02 
1.5  ±  0,01 
1.5  ±  0.01 

0.43  ±  0.0 
0.57  ±  0.13 
058  ±  0.02 
0.65  ±  0.01 
0.69  ±  0.01 
0.69  ±  0.05 
0.70  ±  0,01 
0.72  ±  0.01 
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rig.  2.  ScaniqUMttiiaiivc  RT-PCR  analyses  of  genes  for  which  expression  was  in¬ 
creased  in  MDA-MB-453  cclU  msaicd  with  [HGF/SF+ADR]  rclaiivc  to  ADR  alone. 
Subconfluent  pfolifcniting  cclk  were  preincubated  ±  HGF/SF  (100  ng/ml  X  48  h), 
Healed  ±  ADR  (10  /im  X  2  h),  washed  three  limes  to  nmiovc  the  ADR»  and  postincubaicd 
for  72  h  in  fresh  drug-free  medium,  as  described  in  the  text.  RNA  was  collected,  and 
RT-PCR  a.sMys  were  performed  (.see  “Materials  and  Methods"  and  Tables  1  and  2  for 
methodological  detaiLs).  p-Actin  and  /32'microglobu)tn  were  u.sed  as  controls  for  loading. 
The  amplified  PCTR  products  were  quantitated  by  densitometry  and  expre-ssed  relative  to 
^ain.  as  a  percentage  of  the  control  (0  HGF/SF,  0  ADR). 


protected  against  ADR-induced  DNA  damage  by  pre incubation  with 
HGF/SF,  DU- 145  human  prostate  cancer  cells  (6).  Thus,  wtCIP4,  but 
not  the  mutant  or  truncated  forms  of  CIP4,  blocked  the  HGF/SF- 
mediated  protection  against  ADR  (data  not  shown).  These  findings  are 
consistent  with  a  role  for  CIP4  as  a  regulator  or  modulator  of  cell 
survival  in  the  setting  of  DNA  damage. 

DISCUSSION 

These  studies  revealed  an  interesting  pattern  of  up-regulation  and 
down-regulation  of  genes  in  MDA-MB-453  cells  treated  with  [HGF/ 
SF+ADR],  as  compared  with  ADR  alone.  Admittedly,  some  of  these 
gene  products  may  be  altered  simply  because  of  the  higher  proportion 
of  surviving  cells  in  the  [HGF/SF +ADR]-trcated  group  relative  to  the 
ADR-treated  group.  Gene  products  of  this  type  might  include  lactate 
dehydrogenase  [LDH-A]  and  phosphoglyccrate  kinase  [PGRl],  which 
were  increased  ui  [MGF/SF+ADR]-trc:itcd  cells.  However,  the  com¬ 
plexity  of  the  findings,  including  many  genes  that  were  either  in¬ 
creased  or  decreased  in  ADR-treated  cells,  suggest  a  more  selective 
pattern  of  altered  gene  regulation. 

We  have  reported  previously  that  in  addition  to  protecting  cells 


against  cytotoxicity  and  apoptosis  induced  by  DNA  damage,  HGF/SF 
enhanced  the  ability  of  carcinoma  cells,  including  MDA-MB-453 
cells,  to  repair  DNA  strand  breaks  induced  by  ADR  or  X-rays  (6).  The 
observation  that  cells  treated  with  [HGF/SF+ADR]  show  altered 
expression  of  certain  gene  products  involved  in  DNA  damage  re¬ 
sponse  pathways  is  consistent  with  that  prior  finding.  For  example, 
ATM  {ataxia^telangectasia  mutated),  a  nuclear  protein  kinase  in¬ 
volved  in  DNA  damage  signaling  (17),  and  FENJ  {flap  endonuclease- 
7),  an  enzyme  implicated  in  the  base  excision  repair  pathway  (18), 
were  up-regulated  in  [HGF/SF+ADR]-treatcd  cells.  A  mutation  or 
deletion  of  the  ATM  gene  leads  to  a  defect  in  the  repair  of  double- 
strand  DNA  breaks  and  increased  sensitivity  to  ionizing  radiation. 

We  al.so  fount!  that  ADR  cau.scti  the  down-rcgiitation  of  the  PKOl 
{polycystic  kidney  disease-!)  gene  product,  and  HGF/SF  blocked  the 
ADR-induced  down-regulation  of  PKDI  expression.  PKDI  has  been 
identified  as  a  developmental ly  regulated  gene,  the  absence  of  which 
is  linked  to  type  I  autosomal  dominant  polycystic  kidney  disease  (19). 
The  function  of  this  gene  is  not  well  understood,  but  PKDI  was  found 
to  encode  a  large  cell  membrane  protein  associated  with  the  cadherin- 
catenin  cellxell  adhesion  complex  (20).  Interestingly,  the  PKDI  gene 
product  was  shown  recently  to  play  roles  in  maintaining  the  structural 
integrity  of  blood  vessels  (21)  and  in  protecting  MDCK  epithelial 
cells  against  apoptosis  (22).  We  had  reported  previously  that  HGF/SF 
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Fig,  3.  Scmiquaniitative  RT-PCR  analyses  of  genes  for  which  exfucssioR  vras  de¬ 
creased  in  MDA-MB-453  cells  ireatcd  with  [HGF/SF+ADR]  relotivc  to  ADR  alone 
Assays  were  pcrformwl  as  described  in  the  Fig.  2  legend.  Note  that  51C  was  analyzed 
using  two  complclcly  (lilTcrcnt  scls  ofPCR  primers. 


8028 


ALTERnO  GENE  EXPRESSION  IN  SF-TREATEO  CELLS 


A 

mkrotabalc 

bindiae 


■ctivaled  WASP 

cdc42  binding  binding 


3S3  417  481  545 


Ifea  W/amVA  CIP4  MI-545 


ar4  A  585-411 


ap4  Mil 


Fig.  4.  EITcct  of  genetic  manipulation  of  cdc42-intcracting  protein  (CIP4)  expression 
on  HGF/SF-mediated  protection  of  MDA.MB-453  cells.  A,  schematic  diagrams  of  CIP4 
expression  vectors.  The  human  CiP4  cDNAs  were  cloned  inlo  the  pRK5-myc  mammalian 
expression  vector,  which  provides  an  Nll^^tcrminal  myc  epiiupc  tag.  li,  expression  of 
wild-type  and  mutant  CIP4  proteins.  Cells  were  transfected  with  the  different  CrP4 
expression  vectors  as  described  below  (Q,  and  the  dishes  were  incubated  for  24  h  to  allow 
expression  of  the  encoded  proteins.  Proteins  of  the  expected  sl7es  were  detected  by 
Western  blotting,  using  an  antibody  against  the  myc  epitope  lag.  Cells  transfected  with  the 
empty  pRK5-myc  vector  showed  no  myc-laggcd  proteins.  C,  effect  of  transient  expression 
of  wild-type  (wt)  and  mutant  CIP4  proteins  on  HCF/SF-mcdiatcd  cell  protection.  Sub- 
confluent  prolifcTBimg  cells  in  100-mm  dishes  were  iraasicnily  mmsfccicd  overnight  with 
10  #ig  of  cadi  vector,  in  the  presence  of  LipofeclAminc.  Cells  were  washed,  .subcultured 
into  96-wcll  dishes,  pre-incubated  ±  HGF/SF  (100  ng/ml  X  48  h),  exposed  to  ADR  (10 
or  20  X  2  h),  wa.shcd.  posdncubaicd  for  72  h  in  fresh  drug-free  medium,  and  assayed 
for  MTT  dye  conversion.  Cell  viability  values  (means;  burs,  SE)  arc  ba.scd  on  10  replicate 
wells.  For  each  experimental  condition,  cells  treated  with  [HOF/SF  +  ADR]  showed  higher 


protects  both  vascular  endothelial  and  MDCK  epithelial  cells  against 
DNA  damage-induced  apoptosis  (4,  5).  Thus,  inhibition  of  the  down- 
regulation  of  PKD I  by  HGF/SF  may  be  a  cytoprotective  function,  one 
which  merits  further  investigation. 

On  the  other  hand,  the  expression  of  the  topoisomerase  binding 
protein  TOPBPI,  which  binds  DNA  topoisomerase  UB  and  also 
shows  DNA  strand  break  binding  activity  (23-25),  was  decreased  in 
cells  treated  with  [HGF/SF+ADR].  ADR  causes  DNA  strand  break¬ 
age  in  part  by  converting  the  DNA  topology  cnxyme  topoisomerase  II 
into  a  DNA  cleaving  enzyme  (26).  It  is  thought  that  topoisomerase 
binding  proteins  such  as  TOPBPI  may  contribute  to  or  potentiate 
ADR-mediated  DNA  damage,  but  the  role  of  TOPBPI  in  this  process 
remains  to  be  established.  The  finding  that  ADR  up-regulates 
TOPBPI  expression  and  that  the  up-regulation  is  blocked  by  HGF/SF 
is  provocative,  because  it  suggests  a  potential  mechanism  by  which 
HGF/SF  might  modulate  the  DNA  damage  and  repair  process,  up¬ 
stream  of  DNA-damage  induced  apoptosis.  HGF/SF  blocked  the 
ADR-induced  up-regulation  of  the  human  Gu  protein.  Gu  is  a  DEXD 
box  nucleolar  RNA  helicase,  which  presumably  participates  in  aspects 
of  RNA  synthesis  and  processing  (27).  This  finding  is  interesting 
because  recent  evidence  suggests  that,  like  topoisomerase  II,  Gu  may 
be  a  target  of  ADR  (28).  However,  the  significance  of  this  finding 
relative  to  HGF/SF-mediated  cell  protection  remains  to  be  deter¬ 
mined. 

A  number  of  gene  products  implicated  in  signal  transduction  path¬ 
ways  were  found  to  be  up-regulated  (c.g.,  RhoB  and  RAB5A)  or 
down-regulated  [e.g.,  STK2  (a  serine/threonine  kinase),  PTPN2  (also 
knowm  as  T-cell  protein  tyrosine  phosphatase,  TCPTP)  and  51C  (also 
knovm  as  INPPLI  or  SHIP-2)].  Expression  of  the  5/C  gene,  which 
encodes  an  the  inositol  polyphosphate-5-phosphatase  (29),  was  de¬ 
creased  in  both  HGF/SF-treated  cells  (relative  to  control)  and  [HGF/ 
SF+ADR]-trcatcd  cells  (relative  to  ADR  alone).  This  finding  is  of 
particular  interest  because  of  previous  studies  demonstrating  a  re¬ 
quirement  for  P13K  c-Akt  signaling  in  the  HGF/SF-mediated 
protection  of  breast  cancer  (MDA-MB-453)  and  glioma  eel!  lines 
against  apoptosis  (6,  7,  30). 

It  had  been  reported  previously  that  the  tumor  suppressor  PTEN/ 
MMACl,  an  inositol  polyphosphate-3-phosphatase,  inhibited  the 
PI3K/Akt  pathway  through  its  lipid  phosphatase  activity  (15).  Re¬ 
cently,  5/C  was  similarly  found  to  act  as  an  inhibitor  of  the  P13K/Akt 
pathway,  presumably  also  by  reducing  the  levels  of  phosphatidylin- 
sito!-3 ,4,5-phosphate  [PI(3,4,5)P3],  which  is  generated  through  the 
lipid  kinase  activity  of  PI3K  (31).  Thus,  the  reduced  expression  of 
5 1C  in  HGF/SF-treated  cells  should  have  the  effect  of  maintaining  the 
levels  of  PI(3,4,5)p3,  which  is  essentia!  for  the  activation  and  proper 
localization  of  c-Akt. 

Interestingly,  it  has  been  demonstrated  that  one  of  the  splice  vari¬ 
ants  of  the  protein  tyrosine  phosphatase  PTPN2/TCPTP,  TC45,  can 
inhibit  epidermal  growth  factor  receptor-mediated  activation  ofPDK/ 
c-Akt  signaling  (32).  Although  the  role  of  PTPN2  in  c-Met  receptor 
signaling  and  the  important  in  vivo  substrates  for  PTPN2  are  unclear, 
the  finding  that  HGF/SF  down-regulates  PTPN2  gene  expression 
again  raises  the  possibility  that  PTPN2  Is  a  target  for  the  HGF/SF- 
mediated  protection  against  DNA-damaging  agents. 

A  cyloskeleton-associatcd  cdc42-interacting  protein,  CIP4,  was 
found  to  be  up-regulatcd  in  ADR-treated  cells,  whereas  HGF/SF 
blocked  the  up-rcgu!ation  of  CIP4.  The  function  of  CIP4  has  not  been 


viability  than  Uiosc  treated  with  ADR  alone  (P  <  0.001,  Iwo-tailcd  /  lest).  The  viability 
of  cells  transfected  with  wlClF4  and  treated  with  [IIGF/SF+ADR]  was  significantly 
reduced,  compared  with  similarly  treated  untransfcctcd  or  empty  vcclor-tninsfcclcd  cells 
(P  <  0.001). 
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established  definitively,  but  CIP4  may  function,  in  part,  to  carry  the 
Wiskott-Aldrich  syndrome  protein  (WASP),  a  multidomain  protein 
involved  in  cytoskeletal  organization,  from  actin  filaments  to  micro¬ 
tubules  (10).  We  showed  that  forced  expression  of  wild-type  human 
CIP4  reduced  the  degree  of  HGF/SF-mediated  protection  of  MDA- 
MB-453  cells  to  50%  or  less  of  that  observed  in  untransfected  or 
empty  vector-transfected  control  cells.  On  the  other  hand,  expression 
of  internally  deleted  or  truncated  CIP4  proteins  did  not  inhibit  cell 
protection.  These  findings  suggests  a  role  for  CIP4  in  cell  survival/ 
apoptosis  pathways,  a  finding  that  is  not  obvious  based  on  its  known 
activities  and  protein  interactions. 

Although  we  have  focused  on  some  of  the  more  novel  findings 
of  this  study,  not  all  of  the  cDNA  microarray  and  RT-PCR  results 
were  unexpected.  For  example,  the  finding  that  ADR  up-rcgulates 
c-Myc  mRNA  expression  and  that  the  up-regulation  was  blocked 
by  HGF/SF  was  not  unexpected.  We  reported  similar  results  based 
on  Western  blotting  of  MDA-MB-453  cells  (5).  The  transcription 
factor  c-Myc  has  been  implicated  in  a  variety  of  cellular  processes, 
including  proliferation,  differentiation,  transformation,  and  apop¬ 
tosis.  Overexpression  of  c-Myc  renders  cells  more  susceptible  to 
apoptosis  through  both  p53 -depen dent  and  p5  3- independent  mech¬ 
anisms  (33,  34).  Thus,  theoretically,  down-regulation  of  c-Myc  by 
HGF/SF  in  the  setting  of  DNA  damage  might  be  expected  to  confer 
protection  against  apoptosis. 

We  had  also  reported  that  ADR  down  regulates  the  protein  levels 
of  the  antiapoptotic  protein  Bc1-Xl,  whereas  HGF/SF  blocks  the 
ADR-induced  downregulation  of  Bcl-X^  protein  in  MDA-MB-453 
cells  (5).  BcI-Xl  was  not  present  among  the  cDNAs  spotted  onto 
the  microarrays  slides  used  in  this  study.  However,  we  examined 
the  BcI-Xl  mRNA  expression  by  semiquantitativc  RT-PCR  anal¬ 
ysis  and  found  no  ADR  or  HGF/SF  alterations  in  Bc1-Xl  mRNA 
levels  in  multiple  repeat  assays.(6)  Thus,  the  alterations  in  BcI-Xl 
protein  levels  probably  occur  through  translational  or  postlransla- 
tional  mechanisms.  This  finding  suggests  that  some  of  the  protec¬ 
tion  conferred  by  HGF/SF  may  be  attributable  to  alterations  in 
protein  processing  and  metabolism.  We  had  also  noted  that  cell 
protection  required  a  relatively  long  preincubation  with  HGF/SF  of 
^24  h  for  some  protection  and  ^48  h  for  maximal  protection  (5). 
This  consideration  suggests  that  the  ability  of  HGF/SF  to  block  the 
reduction  of  Bc1-Xl  protein  levels  induced  by  ADR  might  be 
attributable  to  alterations  in  the  expression  of  genes  involved  in  the 
processing  or  metabolism  of  Bc1-Xl. 

Our  findings  suggest  the  viability  of  the  cDNA  microarray  ap¬ 
proach,  coupled  with  additional  studies  to  confirm  gene  expression 
alterations  and  functional  studies  to  evaluate  the  significance  of  the 
findings,  as  a  means  of  identifying  novel  and  interesting  genes  that 
may  be  involved  in  HGF/SF  cell  protection  pathways.  It  is  likely  that 
some  of  the  genes  for  which  expression  was  altered  by  HGF/SF  in  the 
setting  of  DNA  damage  are  not  involved  in  cell  survival  or  apoptosis 
pathways.  Alterations  in  these  gene  products  may  reflect  other  activ¬ 
ities  of  HGF/SF  than  promotion  of  cell  survival  or  may  be  a  passive 
consequence  of  cell  survival  rather  than  a  cause  of  survival.  On  the 
other  hand,  it  is  also  likely  that  genes  not  implicated  previously  in  cell 
survival  or  apoptosis  mechanisms  will  be  found  to  play  roles  in  these 
processes  (c.g.,  CIP4). 
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Abstract  Cbmbining  chemotherapy  with  radiotherapy  has 
improved  the  cure  rate  among  patients  with  cancers  of  the  cer¬ 
vix.  Although  one-half  to  two-thirds  of  the  patients  can  be 
cured  by  radiation  alone,  such  patients  cannot  be  idcniilicd  at 
present  and  must  therefore  suffer  the  burden  of  dbemolhcrapy. 
Our  long-range  goal  is  to  identify  those  cervical  cancers  that  are 
radiosensitive  and  could  be  cured  by  radiotherapy  alone.  The 
advent  of  methods  that  permit  the  simultaneous  analysis  of 
expression  patterns  of  thousands  of  genes,  make  it  feasible  to 
attempt  to  identify  the  molecular  events  related  to  radiosensi- 
tivity  and  the  associated  regulatory  pathways.  We  hypothesize 
that  the  sensitivity  of  tumor  ceils  to  ionizing  radiation  (IR)  is 
determined  by  the  levd  of  expression  of  specific  genes  that  may 
be  identified  with  tlic  aid  of  cDNA  microarrays.  As  the  first 
step  in  testing  this  hypothesis,  we  determined  the  gene  expres¬ 
sion  differences  between  two  cell  lines  exhibiting  different 
d^recs  of  radioscnsilivit>^  These  were  derived  from  the  same 
tumor  prior  to  treatment  from  a  patient  with  squamous  cell 
carcinoma  of  the  cervix.  The  mRNA  from  these  cells  was  sub¬ 
jected  to  cDNA  analysis  on  a  microarray  of 5,776  known  genes 


and  ESTs.  The  expression  of  52  genes  of  the  total  of  5,776  was 
elevated  (maximum  4. 1  fold)  in  the  radioresistant  cells  as  com¬ 
pared  to  the  radiosensitive  cells.  Ten  of  the  52  sequences  are 
known  genes  while  42  arc  ESTs.  Conversely,  the  expression  of 
18  genes  was  elevated  in  the  sensitive  cells  as  compared  to  the 
resistant  cells.  Seven  of  these  18  are  known  genes  while  eleven 
are  ESTs.  Among  the  genes  expressed  differentially  between  the 
resistant  and  sensitive  cells  were  several  known  to  be  associated 
with  response  to  IR  and  many  more  genes  and  ESTs  that  had 
not  previously  been  reported  to  be  related  to  radioscnsitivit)^ 
The  genes  that  showed  the  greatest  overexpression  in  the 
radioresistant  cell  line  were  metal-regulatory  transcription  fac¬ 
tor-  I,  cytochrome  P450  CYPIB 1 ,  adenomatosis  polyposis  coU, 
translation  elongation  factor- 1,  cytochrome-c  oxidase,  whereas 
in  the  sensitive  cell  line,  transcription  factor  NF-kappa-B, 
metaUoproleinasc  inhibitor- 1  precursor,  superoxide  dismulasc- 
2,  insulin-like  growth  factor  binding  protein-3,  guanine  nucleo¬ 
tide-binding  protein  and  transforming  growth  factor  beta- 
induced  protein  were  overexpressed. 
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Combining  chemotherapy  with  radiotherapy  has  improved 
the  survival  rates  of  patients  with  cervical  cancers  (Keys  ct  al., 
1999;  Morris  ct  al.,  1999;  Rose  ct  al.,  1999;  Whitney  ct  al., 
1999).  Although  one-half  to  two-thirds  of  the  patients  can  be 
cured  by  radiation  therapy  alone  and  do  not  need  chemothera¬ 
py,  these  cannot  now  be  identified  so  that  such  patients  must 
unnecessarily  suffer  the  toxicity  and  the  expense  of  chcmothcr- 
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apy.  The  advent  of  microarray  gene  expression  technology  per¬ 
mits  the  simultaneous  analysis  of  the  levels  of  expression  of 
thousands  of  genes.  Thus,  the  study  of  molecular  genetic  events 
that  are  related  to  radiosensitivity  can  be  examined-  This  may 
also  lead  to  identifying  genes  and  gene  regulatory  pathways  relat¬ 
ed  to  the  resistance  of  cells  to  therapeutic  procedure.  One  of  our 
long-range  goals  is  to  use  this  technology  to  identify  those  can¬ 
cers  that  arc  radiosensitive  and  can  thus  be  cured  by  radiothera¬ 
py  alone.  Another  goal  is  to  identify  those  cancers  that  are  not 
controlled  by  the  combined  therapy  and  thus  hopefully  identify 
molecular  targets  for  the  development  of  therapeutic  strategies. 

Wc  hypothesize  that  the  sensitivity  of  tumor  cells  to  ioniz¬ 
ing  radiation  (IR)  is  dependent  on  alterations  in  the  expression 
of  specific  genes.  As  the  first  step  in  testing  this  hypothesis,  we 
determined  the  differences  in  the  gene  expression  profiles  of 
two  cervical  cancer  cell  lines  derived  from  the  same  tumor  but 
exhibiting  very  different  degrees  of  radiosensitivity.  We  pre¬ 
sent  the  results  in  this  report. 


Materials  and  methods 

Cell  culture 

Several  cervical  cancer  cell  lines  that  were  derived  prior  lo  treatment  by 
punch  biopsies  from  patients  with  cervical  cancers  were  kindly  provided  to 
us  by  Dr.  Richard  A.  Britten  of  Cross  Cancer  Institute,  Edmonton,  Canada. 
These  were  in  the  fourth  to  fifth  passage.  For  this  report  wc  used  one  pair  of 
ccU  lines  derived  from  the  same  tumor  (HT137)-  These  cell  lines  were  cul¬ 
tured  in  the  same  way  as  described  by  Allalunis-Tumer  et  al.  (1991)  and 
Britten  ct  al.  (1996).  Dulbecco’s  modified  Eagle’s  medium  supplemented 
with  15%  fetal  calf  scrum  and  antibiotics  was  used.  The  cells  were  subcul¬ 
tured  every  4-5  days  to  ensure  exponential  growth. 

Clonof^enic  cell  survival 

Following  the  procedures  of  Britten  et  al.  (1996)  clonogenic  survival  tests 
were  performed.  Briefly,  cells  were  plated  in  l(X)-mm  petri  dishes  at  known 
densities  and  after  4-6  hr  the  cells  were  exposed  to  2  Gy  of  radiation  using  a 
linear  accelerator  (Clinac  6-100,  Varian  oncology  systems,  Palo  Alto  CA). 
After  2  weeks  the  surviving  colonies  were  stained  with  crystal  violet  solution 
and  stained  colonics  containing  more  than  50  cells  were  counted.  The  surviv¬ 
ing  fraction  (SF)  after  exposure  to  2  Gy  for  the  HT137R  cells  was  thereby 
determined  to  be  0.67,  and  0.35  for  the  HT 1 37S  cells. 

Microarray  sample  preparation 

The  cDNA  microarray  chips  and  the  image  scanning  programs  were 
developed  in  the  Genome  Microarray  Facility  of  the  Albert  Einstein  College 
of  Medicine.  The  human  cDNA  microarray  chips  used  in  this  study  each 
contain  5,776  cDNA  sequences  representing  arbitrarily  selected  known 
genes,  housekeeping  genes  and  ESTs.  The  cDNA  sample  from  the  radiation 
sensitive  ccU  line  HT137S  was  labeled  with  the  fluorescent  dye,  C}y5  (red) 
and  that  of  the  resistant  cell  line  HT137R  was  labeled  with  Cy3  (green).  A 
cusiojnized  ScanAh'SC  program  (Eisen  ct  al.,  1998)  was  used  for  post-acquisi¬ 
tion  processing  and  for  database  mining  functions.  The  fluorescent  signals 
representing  hybridization  to  each  arrayed  sequence  were  analyzed  to  deter¬ 
mine  the  relative  amount  of  mRNA  that  hybridized  with  each  sequence  in 
both  samples.  Full  details  of  the  procedure  are  given  on  our  website:  http:/ 
/sequcnce.accom.yu.edu/bioinf/funcgenomic.htmt. 

SynthesU  of  labeled  cDNA  probe 

One  hundred  micrograms  of  total  RNA  each  were  isolated  from  the 
HT137S  and  HT137R  cell  pellets  using  the  Qiagcn  RNcasy  extraction  kit. 
The  RNA  samples  were  incubated  separately  with  Oligo  dT12-18  at  65‘’C 
for  annealing  of  oligo  primers.  Two  mixtures  were  prepared,  one  containing 
first  strand  buffer,  DTT  low  dNTP  mix,  RNAsin  and  the  fluorochromc  Cy3 
for  HT137R  cells.  The  second  mixture  was  the  same  except  that  Cy5  was 
used  for  the  HTl  37S  cells.  To  these  mixtures  reverse  transcriptase  (RT,  BRL 


Table  1.  Fifty-two  genes  and  ESTs  (out  of  the  total  5,776)  whose  expres¬ 
sion  was  elevated  at  least  two-fold  in  the  HTl  37R  (Resistant)  cells  compared 
with  the  HTl 37S  (Sensitive)  cells 


GB  Accession  number 

Description  of  genes/ESTs 

T72724 

EST 

T809I7 

EST 

R79518 

EST 

H83358 

EST 

N42169 

EST 

N43977 

EST 

\V90242 

EST 

AA004354 

EST 

AA004921 

EST 

AA004570 

EST 

AA00.S086 

EST 

AAO 10280 

EST 

AA203495 

Metal-regulatory  transcription  factor-l 

H21756 

EST 

H06460 

EST 

Wn2900 

Cytochrome  F450  CVHl  HI ,  dioxin-inducibic 

N90485 

EST 

R00760 

EST 

R23082 

EST 

R33908 

EST 

N28450 

EST 

H29191 

Adenomatosis  polyposis  coli,  alt.  Splice- 1 

T83093 

EST 

R69208 

EST 

H82175 

B.ST 

N33565 

EST 

T99685 

EST 

R3I339 

EST 

R37928 

EST 

H20450 

EST 

H40309 

EST 

N49030 

EST 

N36501 

Phosphodiesterase 

N28330 

Glycoprotein  MUC 1 8.  alt.  SpIicc-2 

N28369 

EST 

N78414 

EST 

T79703 

EST 

T85390 

EST 

T86312 

EST 

T863I5 

Neurotoxin,  eosinophil-derived 

T87438 

EST 

AA 190599 

Translation  elongation  factor-1,  gamma 

H83614 

EST 

AA028123 

EST 

H2U67 

EST 

H46937 

EST 

RS3166 

EST 

R92654 

EST 

N31224 

Glycoprotein  MUClS,  alt.  Splice-3 

N99222 

EST 

H52746 

C)iochromc  -c  oxidase,  IV  subunit 

AA  146629 

Catenin,  alpha  2(E),  alt.  SpHcc-l 

Superscript  11)  was  added  and  incubated  at  42 "  C  for  2  h.  Then,  to  inactivate 
the  RT,  the  tubes  were  heated  at  94  "C.  The  volume  of  this  mixture  was 
increased  lo  1(X)  pi  by  adding  bulTered  RNAsc  1  and  incubated  at  37*C  to 
digest  any  RNA  not  converted  to  cDNA.  Then  the  contents  of  both  the  tubes 
were  mixed  and  passed  through  Microcon  YM  50  retention  columns.  The 
probe  was  collected  and  the  volume  adjusted  to  6.5  pi. 

Array  slide  preparation 

The  microarrays  on  slides  were  vapor  moistened  and  quickly  exposed  to 
200  mJ  total  cnci-gy  in  a  UV  Stratalinkcr.  The  slides  were  moistened  again 
over  boiling  water  and  quickly  dried  on  a  hot  plate.  They  were  then  treated 
with  succinic  anhydride  solution  for  1 5  min,  rinsed  in  0.1  %  SDS  followed  by 
water,  and  placed  in  a  95 ®C  water  bath  for  3-5  min  after  which  they  were 
dipped  into  ice-cold  ethanol.  Excess  ethanol  was  removed  from  the  slides  by 
spinning  the  rack  of  slides  at  500  rpm. 
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Flg.1.A  portion  of  the  ScanAlyse  picture  from  the  cDNA  microarray.  The  green  spots  represent  genes  whose  expression  is 
two-fold  or  greater  in  the  HTi  37R  cells  than  in  the  HT137S  cells.  The  red  spots  represent  genes  whose  expression  is  two-fold  or 
greater  in  the  HT137S  cells.  The  ycUow  spots  represent  genes  that  arc  nearly  equally  expressed  in  both  types  of  cells.  The  violet 
spots  are  “flagged*'  spots,  i.c.  those  with  dust/specks  or  similar  artifacts.  These  arc  flagged  to  avoid  their  inclusion  in  the  analysts. 
Circular  customized  grids  covering  each  of  the  5,776  spots  are  superimposed  on  the  ScanAlyze  spots,  to  assure  the  import  of  the 
correct  color  intensity  of  each  spot  area  into  an  Excel  file  for  data  analysis. 


Prehyhridization  of  slide  and  probe 

Prehybridization  solution  (20  pi,  containing  formamide,  SSPE,  SDS, 
Denhardt*s  solution  and  salmon  s^rm  DNA)  was  placed  on  the  array  and 
covered  with  a  covciglass.  The  slides  were  placed  in  a  chamber  and  prehy¬ 
bridized  at  50*C  for  one  hr.  Simultaneously  the  probe  was  prehybridized  at 
50*C  for  1  h.  For  prehybridization  the  6.5-pl  probe  was  mixed  with  blocking 
solution  (human  cot- 1  DNA,  SDS.  Denhardts  and  SSPE  solution)  to  bring 
the  volume  to  20  pi.  It  was  then  heated,  centrifuged  and  incubated  as 
described  above.  After  1  b  both  the  slides  and  the  probe  were  ready  for 
hybriefization. 

Hybridization  and  washing  the  slides 

The  prehybridized  probe  (20  pi)  was  dropped  on  the  array  region  of  each 
slide  and  a  fresh  coverslip  was  placed  over  the  slide.  Hybridization  was  per¬ 
formed  overnight  at  50  *  C. 

For  washing  the  slides  were  placed  in  a  glass  slide  holder  containing 
lx  SSC  and  0.1  %  SDS  at  room  temperature,  where  the  coverslips  Fell  ofT. 
The  slides  were  then  removed  and  placed  in  another  slide  holder  containing 
500  ml  of  0.2%  SSC  and  0.1  %  SDS  for  15  min.  The  slides  were  then  trans¬ 
ferred  to  another  chamber,  containing  0.2  x  SSC  for  20  min,  after  which  they 
were  ready  for  scanning. 

Analysis  of  microarray  results 

The  hybridization  signals  were  scanned  with  a  laser  confocal  scanner 
which  generates  2-color  TIF  images.  Scans  for  the  two  fluorescent  probes 
were  normalized  to  the  fluorescence  intensity  of  beta  actin  and  GPDH  (Hel¬ 


ler  et  al.,  1997)  and  the  ratios  of  the  fluorescence  intensities  of  all  the  spots 
was  determined.  Intensities  for  each  spot  in  each  channel  were  calculated 
after  subtraction  of  the  background.  Background  “noise"  was  reduced  by 
using  a  2-standard  deviation  cutoff  on  all  expression  values  in  order  to  identi¬ 
fy  only  those  genes  with  significantly  different  expression  (Chen  cl  al.,  1997; 
Eisen  et  al.,  1998;  Amundson  et  al.,  1999;  Duggen  et  al.,  1999;  Lee  ct  al., 
1 999;  Pollack  et  al.,  1 999).  Red  spots  represent  genes  whose  expression  in  the 
HT137S  cells  is  at  least  double  that  of  the  HT137R  cells.  Green  spots  rcprcr 
sent  those  genes  whose  expression  was  double  in  the  HTI  37R  cells  as  com¬ 
pared  to  the  HT137S  cells,  whereas  yellow  spots  represent  genes  whose 
c.xprcssion  was  similar  in  both  the  cell  lines  (Fig.  1).  Genes  and  ESTs  had  to 
be  expressed  at  similar  fluorescent  intensity  ratios  in  at  least  two  microarray 
hybridizations  to  be  included  in  the  analysis. 

Results 

The  expression  of  52  genes  (0.9%)  out  of  the  total  5,776  was 
elevated  (2-4.1  fold)  in  the  HT137R  cells  as  compared  to  the 
HTI  37S  cells  (Table  1).  Ten  of  these  52  are  known  genes,  while 
42  are  ESTs.  Conversely,  the  expression  of  18  genes  was  ele¬ 
vated  2-2,9  fold  in  the  HT137S  cells  compared  with  the 
HT137R  cells  (Table  2).  Seven  of  these  18  are  known  genes 
while  1 1  are  ESTs.  The  genes  that  showed  the  greatest  overex- 
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Table  2.  Eighteen  genes  (out  of  the  total  5,776)  whose  expression  was 
elevated  at  least  two-fold,  in  the  HTI 37S  (Sensitive)  cells  compared  with  the 
HT137R  (Resistant)  cells 


GB  Accession  number 

Debcriptiun  of  genev’ESTs 

Ra6()53 

Transcription  factor  NF-kappa-B 

R97630 

Alcohol  dehydrogenase- 1.  class  1,  alpha  polypeptide 

N67934 

EST 

R78823 

EST 

AA001324 

EST 

•IV9143 

EST 

N57354 

EST 

AA143155 

Superoxidc  dismutase  2.  mitochondrial,  alt.  Splice-J 

R75975 

Monocyte  cbemotactic  protein  -1 

R25247 

EST 

R38114 

EST 

R80595 

EST 

N3U17 

Insulin-like  growth  factor  binding  protein  3 

N28758 

EST 

R78657 

Guanine  nucleotide-binding  protein  HM89 

N42864 

EST 

AA002125 

EST 

AA03728I 

Transforming  growth  factor  beta-induced  protein 

pression  in  the  radioresistant  cell  line  were  metal-regulatory 
transcription  factor-1,  cytochrome  P450  CYPIBI,  adenomato¬ 
sis  polyposis  coli,  translation  elongation  factor- 1  and  cyto- 
chrome-c  oxidase,  whereas  in  the  sensitive  cell  line,  transcrip¬ 
tion  factor  NF-kappa-B,  metalloproteinase  inhibitor-1  precur¬ 
sor,  superoxide  dismutase-2,  insulin-like  growth  factor-binding 
protein-3,  guanine  nucleotide-binding  protein  and  transform¬ 
ing  growth  factor  beta-induced  protein  were  overexpressed. 


Discussion 

It  is  clear  from  the  results  that  cell  lines  from  the  same 
tumor  but  with  different  radiosensitivities  exhibit  different 
patterns  of  gene  expression.  Having  determined  that  such  dif¬ 
ferences  exist  the  next  question  to  be  answered  is  to  what  extent 
are  these  gene  expression  alterations  related  to  radiosensitivity. 
We  hope  to  be  able  to  answer  this  question  by  examining  a  larg¬ 
er  series  of  similar  cell  lines  and  also  radiosensitive  and  radiore¬ 
sistant  primary  cervical  carcinomas.  If  the  same  specific  genes 
have  altered  expression  in  many  different  cases  then  this  would 
be  evidence  that  they  are  related  to  the  cell’s  response  to  radia¬ 
tion.  It  is  encouraging  that  among  the  genes  expressed  differen¬ 
tially  between  the  resistant  and  sensitive  cells  in  this  study  were 


several  that  are  known  to  be  associated  with  the  cell’s  response 
to  IR.  These  are:  transcription  factor  NF-kappa-B,  superoxidc 
dismutase-2,  insultn-like  growth  factor-binding  protein-3, 
guanine  nucleotide-binding  protein,  and  transforming  growth 
factor  beta-induced  protein  (Arnold  et  al.,  1999;  Kawai  ct  al., 
1999;  Epperly  et  al.,  2000;  Kuninaka  et  al.,  2000;  Williams  et 
al.,  2000).  As  noted  there  were  also  a  number  of  genes  and  ESTs 
which  have  previously  not  been  reported  to  be  related  to  radio¬ 
sensitivity  (Tables  1  and  2).  Their  importance  in  conferring  the 
radioresponse  phenotype  to  a  cell  will  clearly  require  much 
more  extensive  studies,  particularly  because  the  phenomenon 
appears  to  be  fairly  complex  involving  several  genes  and  gene 
pathways.  As  an  example,  IR-induccd  patterns  of  gene  expres¬ 
sion  may  vaiy  according  to  the  cellular  context  as  demonstrated 
by  Amundson  et  al.  (1999)  who  studied  TR-induced  gene 
expression  in  human  myeloid  ML-1  cells  using  a  microarray 
consisting  of  1,238  gene  sequences.  They  found  that  48  se¬ 
quences  (including  30  not  previously  identified  as  IR-respon- 
sive)  were  significantly  influenced  by  IR.  Induction  by  IR  of  a 
subset  of  these  genes  was  examined  in  a  panel  of  12  human  cell 
lines,  and  it  was  observed  that  the  responses  varied  widely  in 
cells  from  different  tissues  of  origin  and  different  genetic  back¬ 
grounds  (Amundson  et  al.,  1999). 

Like  many  other  investigators  we  have  regarded  zs  signifi¬ 
cant  only  those  genes  whose  expression  was  altered  by  at  least  a 
factor  of  two.  However,  we  recognize  that  this  cutoff  point  is 
arbitrary  and  that  there  may  be  important  genes  involved 
whose  expression  was  altered  by  less  than  a  factor  of  two. 
Another  limitation  of  this  study  is  that  the  microarray  utilized 
consisted  of  only  5,776  arbitrarily  selected  known  genes,  house¬ 
keeping  genes,  and  ESTs.  This  limitation  can  now  be  overcome 
since  microarrays  with  much  larger  numbers  of  genes  are  now 
available.  In  addition,  customized  arrays  arc  becoming  avail¬ 
able  with  genes  known  to,  or  suspected  of,  participating  in  the 
process  under  study.  An  example  of  the  successful  application 
of  the  latter  approach  is  the  recent  demonstration  with  a  “lym- 
phochip”  that  large-cell  lymphomas  responding  well  to  CHOP 
(cyclophosphamide,  doxonibicin,  vincristine,  and  prednisone) 
chemotherapy  could  be  distinguished  from  those  responding 
poorly  (Alizadeh  et  al.,  2000). 
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Abstract  Fibroblast  cell  lines  derived  from  normal  skin  and  experimentally  induced  fibropapillomas  of 

green  turtles  [Chelonia  mydas),  were  propagated  in  vitro  and  tested  for  tumorigenicity  in  immun- 
odeficient  mice.  Differential  display  RT-PCR  was  used  to  identify  differences  in  messenger  RNA 
expression  between  normal  and  tumorigenic  fibropapillomatosis  (FP)-derived  fibroblasts  from  the 
same  individual.  Four  unique  products  that  were  apparently  overexpresed  in  FP  and  three  that 
were  apparently  underexpressed  were  cloned  and  sequenced.  Differential  expression  was  con¬ 
firmed  for  three  products  by  Northern  blotting.  Two  overexpressed  products  showed  extensive  se¬ 
quence  matches  to  the  known  mammalian  cellular  genes,  beta-hexosaminidase  and  chain  termina¬ 
tion  factor.  The  product  that  was  underexpressed  in  FP  showed  homology  with  mammalian 
thrombospondin,  a  known  tumor-suppressor  gene  and  an  inhibitor  of  angiogenesis.  All  of  the  par¬ 
tial  gene  sequences  identified  are  novel  and  will  require  full  length  cDNA  sequencing  to  further 
analyze  their  Identities.  These  results,  however,  provide  the  foundation  for  further  investigation  to 
determine  the  role  of  each  of  these  gene  products  in  FP  pathogenesis  and  cellular  transformation. 
The  potential  for  some  of  these  products  to  serve  as  biomarkers  for  FP  is  discussed.  ©  2001 
Elsevier  Science  Inc.  All  rights  reserved. 


1.  Introduction 

The  green  turtle,  Chelonia  mydas,  is  an  endangered  spe¬ 
cies.  In  the  past  two  decades,  populations  of  green  turtles 
around  the  world  have  been  affected  by  an  increasing  preva¬ 
lence  of  fibropapillomatosis  (FP),  a  disease  that  is  charac¬ 
terized  by  multiple  cutaneous  and  occasional  visceral  fibro¬ 
mas  or  fibrosarcomas  [1].  This  disease  kills  a  considerable 
proportion  of  severely  affected  turtles  and  in  the  rest  it  in¬ 
creases  the  susceptibility  to  other  mortality  factors  such  as 
predation. 

A  major  histologic  feature  of  FP  in  all  tissues  is  the  pro¬ 
liferation  of  stromal  fibroblasts,  which  suggests  that  fibro¬ 
blasts  are  the  cells  that  have  undergone  pathological 
changes  [2].  Transmission  experiments  have  implicated  a 
viral  agent  as  the  cause  of  FP  [3,4],  but  the  mechanism  is 
unknown.  Possible  mechanisms  include  either  direct  trans¬ 
formation  of  infected  fibroblasts  (neoplasia),  or  paracrine 
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Stimulation  of  uninfected  fibroblasts  (hyperplasia)  by  an¬ 
other  cell  type  that  is  infected  or  transformed  by  the  agent 
These  tumor  fibroblasts  are  well  differentiated  and  jiave 
normal  cytologic  features  and  are  morphologically  indistin¬ 
guishable  from  normal  dermal  fibroblasts  and  have  similar 
growth  patterns  and  serum  dependence  in  vitro  [5].  Tliis  has 
made  comparative  studies  of  these  cells  difficult,  because  to 
elucidate  the  molecular  basis  of  FP  fibroblast  proliferation, 
these  cells  should  be  differentiated  from  normal  fibroblasts. 
However,  we  have  shown  that  FP-derived  fibroblasts  are  tu¬ 
morigenic  whereas  normal  dermal  fibroblasts  are  not,  using 
an  immunodeficient  mouse  model  [5]. 

The  purpose  of  this  study  was  to  begin  to  elucidate  the 
molecular  mechanisms  of  FP  pathogenesis  by  searching  for 
differences  in  gene  expression  between  closely  matched 
sets  of  tumorigenic  FP-derived  and  non-tumorigenic  normal 
dermal  fibroblast  cell  lines  using  differential  message  dis¬ 
play  analysis  [6].  This  is  a  sensitive  technique  to  identify 
both  novel  viral  genes  that  may  be  differentially  expressed 
in  infected  or  transformed  cells  and  also  host  genes  whose 
expression  is  altered  by  infection  with  the  FP  agent  or  any 
other  transforming  events. 
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2.  Materials  and  methods 

2.L  Cell  lines 

Pairs  of  matched  early  passage  tumor  and  normal  skin- 
derived  fibroblast  lines  derived  from  green  turtles  with  ex¬ 
perimentally  induced  FP  were  propagated  at  30°C  in  a  5% 
CO2  atmosphere  in  Dulbecco  Modified  Eagle  Media  (D- 
MEM)/F12  supplemented  with  10%  FBS  (GIBCO,  Grand 
Island,  NY,  USA)  as  described  previously  [5].  Cultures 
were  expanded  to  approximately  6X10^  cells.  Cells  were 
grown  to  confluence  and  then  harvested  with  0.25%  trypsin- 
1  mM  EDTA  in  Hanks’  Balanced  Salt  Solution  (HBSS). 
The  cells  were  washed  in  HBSS  and  approximately  5X10^ 
cells  were  used  for  DNA  and  RNA  extractions,  and  1— 
5X10^  cells  were  used  in  tumorigenicity  assays  to  confirm 
their  phenotype.  The  remaining  cells  were  cryopreserved 
for  further  investigation. 

2.2.  In  vivo  tumorigenicity 

Tumorigenic  potential  of  both  tumor  and  normal  skin- 
derived  fibroblast  cell  lines  were  evaluated  using  the  immu- 
nodeficient  Rag-2  —I—  oxCB\l-scid/scid  mice,  as  described 
in  Herbst  et  al.  [5].  Aliquots  of  1-5 X 10^  cells  suspended  in 
100  p-1  PBS  were  injected  into  the  margin  in  the  pinna  and 
the  mice  were  observed  weekly  for  at  least  4  months  for  ev¬ 
idence  of  tumor  development. 

2.3.  DNA  extraction 

DNA  was  prepared  from  approximately  1X10^  cells  us¬ 
ing  standard  proteinase  K  digestion  followed  by  phenol: 
chloroformiisoamyl  alcohol  extraction  and  ethanol  precipi¬ 
tation  [7]. 

2.4.  RNA  extraction 

Total  RNA  was  extracted  from  3X10^  cell  using  a  RNA 
extraction  kit  (Stratagene,  La  Jolla,  CA,  USA;  #  200345)  as 
per  manufacturer’s  protocol. 

2.5.  Differential  message  display  RT-PCR 

Briefly,  the  total  RNA  preparations  were  treated  with 
RNAse-free  DNAse  to  remove  possible  chromosomal  DNA 
contamination.  The  cDNA  was  synthesized  from  the  total 
RNA  samples  by  reverse  transcription  using  4  sets  of  de¬ 
generate  anchored  (3')  primers  (T12MN)  where  M  is  G,  A, 
or  C  and  N  is  G,  A,  T,  or  C,  With  12  possible  combinations 
of  the  last  2  bases,  each  primer  recognized  l/12th.of  the  to¬ 
tal  mRNA  population.  Partial  cDNA  sequences  were  ampli¬ 
fied  using  5'  end  primers,  corresponding  3'  end  primers, 
and  labeled  dATP  such  that  50-100  cDNAs  were  ampli¬ 
fied.  The  5'  primers  were  arbitrary  decamers  allowing  an¬ 
nealing  positions  to  be  randomly  distributed  in  distance 
from  the  poly  A  tail.  The  5'  primers  were  designed  to  maxi¬ 
mally  randomize  the  3'  end  with  a  fixed  5'  end.  Following 
amplification,  short  100-500  bp  cDNA  sequences  were  sep¬ 
arated  on  polyacrylamide  sequencing  gels.  The  products 


from  tumorigenic  and  normal  cells  were  run  on  adjacent 
lanes,  allowing  side-by-side  comparison  of  the  mRNA  ex¬ 
pression  pattern  of  tumorigenic  versus  normal  skin  fibro¬ 
blasts.  Bands  that  were  present  in  one  cell  line  but  absent  in 
the  other  were  cut  from  the  gel,  cloned  into  pGEM  easy  vec¬ 
tor  systems  (Promega  Corporation;  Cat#  TM042)  and  se¬ 
quenced  manually. 

2.6.  Northern  blotting 

Cloned  DD-RT-PCR  products  were  ^^P-dlTP  labeled  and 
used  as  probes  on  Northern  blots  to  verify  differential  ex¬ 
pression.  Total  RNA  samples  (30  jxg  per  lane)  from  matched 
pairs  of  cell  lines  (FP  and  normal)  were  run  on  agarose  gels 
and  blotted  onto  nitrocellulose  membranes.  Probes  were  hy¬ 
bridized  for  72  h  at  42°C  and  washed  in  2X  SSC  [7]. 

3.  Results 

The  cultured  tumor-derived  fibroblasts  were  morpholog¬ 
ically  indistinguishable  from  cultured  normal  fibroblasts 
under  light  microscopy  as  observed  previously  [5],  The  FP- 
derived  fibroblast  lines,  however,  were  tumorigenic  when 
injected  into  in  the  ears  of  Rag2  — /—  or  scid/scid  xmct 
whereas  the  normal  fibroblasts  did  not  develop  tumors. 

DD-RT  PCR  yielded  several  cDNA  segments  that  ap¬ 
peared  to  be  either  overexpressed  or  underexpressed  in  vitro 
in  tumorigenic  FP  fibroblasts  compared  to  normal  fibro¬ 
blasts  (Fig.  1).  Of  these,  four  unique  overexpressed  products 
(ranging  in  size  from  189  to  412  bp)  and  three  underex¬ 
pressed  products  (193—401  bp)  were  cloned  and  sequenced. 

3.1.  FP  overexpressed  transcripts 

Positive  (sense)  strand  homologies  to  expressed  se¬ 
quence  tags  (ESTs)  and  short  coding  regions  were  found  for 
all  of  the  four  products,  however,  extensive  matches  of  the 
full  length  product  sequence  to  V  cDNA  of  known  genes 
were  found  for  only  two  of  these  products  (LHHCM4-5  and 
LHHCM8-3).  Both  of  these  were  confirmed  by  Northern 
blots  to  be  overexpressed  in  tumor  compared  to  normal 
(Fig.  2).  The  other  two  clones  (LHHCM2-2  and  LHHCM7- 
4)  didn’t  show  any  homology  in  the  GeneBank  and  surpris¬ 
ingly  their  differential  expression  could  not  be  detected  in 
the  Northern  blotting  experiments  in  either  tumor  or  normal 
fibroblast  RNA  under  the  conditions  used.  Repetition  of 
these  experiments  with  excess  amounts  of  RNA  will  deter¬ 
mine  if  these  transcripts  are  actually  low  in  copy  number. 

The  first  31  nucleotides  of  product  LHHCM8-3  (386  bp) 
had  sense  strand  homology  to  the  3'  end  of  pig  and  human 
beta-hexosaminidase  (X92379.1  and  HUMHEXB,  respec¬ 
tively),  and  the  putative  amino  acid  sequence  was  homolo¬ 
gous  to  the  3  terminus  of  beta-hexosaminidase  transcript  of 
the  pig  (Q29548)  and  human  (P06865).  A  putative  amino 
acid  region  of  153  bp  long  had  38/51  (74%)  amino  acid 
matches  to  the  3'  terminus  of  the  pig  hexosaminidase 
mRNA.  The  remaining  portion  of  product  LHH8-3  was  a 
non-peptide  sequence. 
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Fig.  1.  Gene  expression  profiles  of  genes  by  differential  message  display 
studies  using  total  RNA,  isolated  from  a  pair  of  matched  tumor  and  normal 
skin  derived  fibroblast  cell  lines  cultured  from  a  turtle  with  experimentally 
induced  FP.  Columns  C,  T,  A»  and  G  represent  each  of  the  3'  primers 
(TjzCN  where  N  =  C,  T,  A,  and  G,  respectively).  Subcolumns  a,  b,  c,  d, 
and  e  represent  individual  5'  primers  (arbitrary  decamers).  For  each  of  the 
20  primer  pair  combinations,  products  of  normal  fibroblasts  (left)  are  dis¬ 
played  along  side  those  from  tumor  fibroblasts  (right).  Differentially 
expressed  gene  sequences  (open  and  closed  arrowheads)  were  cloned  and 
sequenced  for  further  characterization. 


Product  LHHCM4-5  (412  bp)  was  homologous  over  its 
entire  length  to  the  3'  terminus  of  eukaryotic  peptide 
(AB029089)  and  hamster  (MAC  114,  MAClll).  Compari¬ 
son  of  LHHCM  4-5  with  the  full-length  human  cDNA  (HS- 
HCGVII)  revealed  4  short  gaps  of  3,  19,  2,  and  23  bp  in  the 
sequence  alignments  and  was  88%  identical  (207/235bp)  if 
the  gaps  are  not  considered.  Interestingly  the  putative  3'  end 
of  LHHCM  4-5  contained  a  130  bp  sequence,  which  was 
unique.  The  product  is  not  in  the  amino  acid  coding  part  of 
the  transcript. 

3.2.  FP  underexpressed  transcripts 

Three  RT-PCR  products  that  appeared  to  be  relatively 
underexpressed  in  FP  fibroblasts  were  also  successfully 
cloned  and  sequenced.  Only  one  of  these  clones, 
LHHCM  10-5  (321  bp)  was  confirmed  to  be  underexpressed 
in  FP  by  Northern  blotting  (Fig.  2).  This  sequence  had  only 
limited  homology  to  known  mammalian  sequences.  The 
longest  of  the  sense  strand  matches  was  human  and  bovine 


A 
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Fig-  2.  Northern  blotting  of  total  RNA  of  normal  (lanes  1,  3  and  5)  and 
tumor  (lanes  2, 4  and  6)  cells  using  three  probes  derived  from  the  differen¬ 
tial  product  sequences.  Lanes  2  and  4  show  over-expression  of  two 
sequences  (LHH4-5  and  LHH8-3)  and  lane  6  shows  under-expression  of 
sequence  LHlO-5  in  the  tumor  samples.  The  18s  RNA  probe  (B)  was  used 
to  confirm  equal  loading  of  RNA  samples. 


thrombospondin- 1  mRNA,  which  contained  a  96  bp  se¬ 
quence  that  was  83%  identical.  Sequence  LHHCM5-3  (359 
bp)  had  partial  sequence  homology  to  chicken  delta  EFl,  a 
transcriptional  repressor  (58%  base  pair  identity  over  90  bp) 
and  to  a  region  containing  human  HLA  class  11  gene  se¬ 
quence  (68%  base  pair  identity  with  two  gaps  of  77  bp  and  4 
bp,  respectively,  over  140  bp).  This  transcript  was  not  de¬ 
tected  by  Northern  blotting  in  either  FP  or  normal  fibroblast 
RNA  under  the  conditions  used,  suggesting  its  low  copy 
number.  Product  LHHCM  1-4  (401  bp)  hybridized  to  RNA 
from  both  cell  types  but  was  not  differentially  expressed. 
This  sequence  did  not  have  any  obvious  matches  to  known 
genes  in  the  databases. 

4.  Discussion 

The  availability  of  matched  green  turtle  FP-derived  and 
normal  fibroblast  lines  and  a  model  system  in  which  to 
monitor  the  tumorigenic  phenotype  made  it  possible  to  in¬ 
vestigate  the  molecular  basis  of  fibroblast  proliferation  in 
green  turtle  fibropapillomatosis. 

Comparison  of  gene  expression  in  matched  tumorigenic 
FP-derived  versus  non-tumorigenic  normal  skin-derived  fi¬ 
broblasts  from  individual  green  turtles  with  experimentally 
induced  FP  yielded  several  cDNA  products  by  RT-PCR. 
Two  of  these  were  confirmed  to  be  overexpressed  in  tumor 
fibroblast  RNA  and  one  was  confirmed  to  be  underex¬ 
pressed  by  Northern  blotting.  The  fact  that  some  of  the  re¬ 
maining  products  could  not  be  detected  in  Northern  blots  of 
either  cell  type  may  indicate  that  these  transcripts  were  very 
low  in  copy  number.  The  total  RNA  was  extracted  from 
mass  cultured  fibroblasts,  which  could  contain  an  undeter¬ 
mined  proportion  of  tumor  cells  mixed  with  normal  cells. 
Therefore,  differences  in  gene  expression  that  were  detected 
by  Northern  blotting  are  probably  robust  differences  and 
more  subtle  differences  will  require  cloned  cell  lines. 

Very  few  turtle  or  reptilian  gene  sequences  have  been 
available  in  the  gene  sequence  databases.  Consequently,  all 
of  the  partial  cDNA  sequences  found  in  this  study  are  novel 
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and  cannot  be  assigned  with  certainty  to  their  putative  cor¬ 
responding  mammalian  homologue.  In  addition,  some  of 
the  over-expressed  products  may  represent  viral  gene  tran¬ 
scripts  from  the  FP  transmissible  agent,  if  it  latently  infects 
fibroblasts.  Preliminary  data  from  these  cell  lines  suggest 
that  FP  fibroblasts  are  non-productively  infected  with  a 
green  turtle  FP-associated  herpesvirus,  a  candidate  for  the 
FP  etiologic  agent  [8],  so  it  is  possible  that  some  of  these  se¬ 
quences  could  also  belong  to  the  herpesvirus  genome.  For 
each  product,  the  full-length  cDNA  must  be  sequenced  and 
then  studied  further  to  characterize  putative  gene  function 
and  to  determine  whether  a  corresponding  polypeptide  is 
expressed.  Extensive  additional  gene  sequence  information 
for  green  turtles  and  FP-associated  turtle  viruses  will  also  be 
needed  before  these  products  can  be  properly  identified  and 
before  it  can  be  determined  if  these  products  represent  nor¬ 
mal  transcripts  whose  expression  level  has  changed  or  aber¬ 
rant  transcripts  resulting  from  gene  mutation,  activation  of 
pseudogene  expression,  or  abnormal  RNA  processing. 

These  results  provide  a  foundation  for  developing  hy¬ 
potheses  about  the  pathogenesis  of  fibroblast  transforma¬ 
tion  in  FP.  For  example,  the  role  of  polypeptide  chain  re¬ 
leasing  factor  or  eukaryotic  RFl,  the  putative  identity  for 
product  LHHCM4-5,  in  neoplasia  or  viral  infection  de¬ 
serves  further  investigation.  This  protein  is  responsible  for 
chain  termination  at  all  4  stop  codons  [9].  Overexpression 
of  an  aberrant  form  of  this  protein,  argueably  may  disrupt 
an  important  checkpoint  in  preventing  the  translation  of  ab¬ 
normal  mRNA  transcripts,  which  could  enhance  cancer 
progression  [10,11]. 

Product  LHHlO-5,  which  is  underexpressed  in  FP  fibro¬ 
blasts,  is  a  putative  mammalian  homologue  of  thrombospon¬ 
din.  Thrombospondin  is  an  inhibitor  of  angiogenesis  and  a 
known  tumor  suppressor  [12-14].  Its  expression  is  decreased 
in  a  number  of  neoplastic  diseases  and  in  cells  infected  with 
human  cytomegalovirus,  a  herpesvirus,  as  well  [15]. 

The  putative  identity  of  LHHCM  sequence  8-3,  is  beta 
hexosaminidase  based  on  base  pair  and  amino  acid  homolo¬ 
gies  to  the  mammalian  gene.  Isozymes  of  beta-hexosamini- 
dase  have  been  shown  to  be  overexpressed  in  other  types  of 
neoplasia  [16-21]  and  increased  levels  have  been  detected 
in  the  serum  of  virus  infected  humans  [22].  Thus  over  ex¬ 
pression  of  this  gene  is  expected  in  FP.  Therefore,  isozymes 
of  this  protein  may  serve  as  useful  serum  markers  for  turtles 
with  cryptic  FP,  such  as  visceral  tumors,  or  systemic  virus 
infection. 

As  stated,  further  elucidation  of  the  role  of  these  genes  in 
FP  tumorigenesis  or  FP- virus  infection  will  require,  identifi¬ 
cation  of  their  full  length  cDNAs.  To  establish  their  respec¬ 
tive  roles  in  tumorigenesis  will  require  both  in  vitro  and  in 
vivo  studies,  such  as  transfection  and  overexpression  of 
transcripts  in  normal  fibroblasts  to  determine  if  they  be¬ 
come  tumorigenic.  Fortunately,  a  model  system  has  been 
developed  and  matched  cell  lines  are  available  in  our  labo¬ 
ratory,  which  we  believe  would  allow  further  elucidation  of 
FP  in  turtles. 
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difference  analysis.  Achary.  P.M.;  Mukherjee.  8..  Khaimov.  R..  Fan.  Z. 

Mahadevia.  P.S.,  and  yilvam.  B.  Department  of  Radiation  Oncology,  Albert 
Einst&n  College  of  Medicine  and  MonteHore  Medical  Center,  Bronx,  NY  10461, 
Using^single  microdisseclion.  we  isolated  normal  cells  and  cancer  cells 
from  a  metastatic  lymph  node  from  a  woman  wth  breast  cancer.  Representa- 
.  tional  difference  analysis  (ROA)  was  performed  to  isolate  genomic  DMA  s.e-. 
quences  that  had  undergone  alteration  during  progression  from  normal  to  met* 
astatic  phenotype.  ROA  has  yielded  1 1  differential  sequences.  Dot/  Southern  blot 
analyses  have  confirmed  that  these  sequences  were  present  in  normal  but- lost 
from  the  metastatic  cell  ONA.  The  preliminary  characterization  of  one  of  the  novel 
sequenc^,  M-41 ,  has  been  undertaken  in  another  four  patients  with  invasive 
ductal  primary  breast  cancers  with  lymph  node  metastases.  From  each  patient's 
spedmerts,  —1000  cells  each  were  microdissected  from  the  normal  tissue,'  the 
primary  tumor  arid  the  metastasis.  Genomic  ONA  was  isdated  from  each  of  these 
12  samples,  and  amplified  by  a  method  recently  standardized  in  our  laboratory.  In 
each  of  the  4  patients,  we  have  observed  strong  hybridization  signals. from  the 
normal  and  primary  tumor  ONA,  and  only  faint  signals  from  the  metastatic  ONA, 
suggesting  a  i^tential  metastasis-specific  genetic  marker.  In  addition  to  repeat¬ 
ing  these  studies,  wo  are  screening  few  more  patients*  specimens. 


„#284^  Search  for  novel  molecular  markers  to 
orcSSTcancer  at  high  risk  for  devcloptno  metastases 
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to  reproduce  the  content  of  thZbs?a^^  submissiori.  Every  effort  has  been  made 

were  made  to  comply  with  AACR  style  AACR  does  not  fitted  -  except  in  certain  instances  where  changes 

scientific,  grammaticllor.  typoaraphtal  e^S^ for  proofreading  or  correcting  any 
customized  software,  newly  reihS^^^^  respqhsibmy  for}  errors  fn  the  oonversL  of 

and  copyright  owner  of  the  Proceedings’  by  the  Keck  School  of  ^  i^  assumed  by  the  AACR,  publisher 


Overview  and  Objectives  of  the  Annual  Meeting 

purpose  of  the  AACR  Annual  Meeting,  is  to  present  the  most' 
hmely  and  significant  research  results'  in  all  of  the  scientific  ' 
riiann  relevant  to  cancer.  All  scientists  studying  the  causes 
a  fpn^nn'  Prevention  of  cancer  will  benefit  from 

attending  this  meeting.  After  partidpating  in  this  continuino 
Partidpant  should  be  better  able  to  /' 
^1®  f^s^afch  findings  in  all  areas  of  cancer 
findings  in  diagnosis,  treatment,  and 
prevention  of  cancer;  and  use  these  findings  to  make  further 
progress  in  research  efforts.  '•  ir 

.V  ■  .  V  .  '  •  i 

,  Joint  Sponsorship  Accreditation  Statement 

Iitlf  fho^c*^  planned  and  implemented  in  accordance  r 

tor^r^  t,— Polides  of  the  Accreditation  Couhdl ' 
for  Continuing  Medical  Education  (ACCME)  through  the' joint 

Sou'^m^r  ?'f  School  of  Medicine  of  the  University  of 

Resrard,  ThI°'U'®  ^®®®®"  Association  for  Cancer 

Soutopm  ■  Medicine  of  the  University  of 

Southern  California  is  .  accredited  by  the  ACCME  to  provide 
continuing  medical  education  for  physicians! 

Medicine  of  the  University  of  Southern 
houm  in  ‘'p  “]'®  ®ducational  activity  for  a  maximum  of  48 

hours  in  Category  1  credit,  towards  the  AMA  Phvsidan’s 

Pfiys'can  should  dairfi  only  those  hours  '  'f 
of  credit  that  he/she  actually  spent  in  the  educational  a.ctivily.  '•'[ 

Category  1  credit  should  obtain  an 

Center  n^rm^r/®?’  CME  booth  located  in  the  Moscone 
uenier  near  the  registration  area. 


•  ^‘^‘'losbre  statement  for  Continuing  Medical 
6  V?.!,;.,  Education  Faculty 

The  American  Assodatioh  for  Cancer  Research  (AACR)  and  tl 
Keck  School  of  Medicine  of  the  University  of  Southern  Califom 
}°  ®®®u':ing  the  integrity  of  their  sdentifi 
■  ,  ®® '  r  research  programs  and  therefore  requi 

,  ’..disclosure  of  any  financial  or  other  interests  which  might  t 
construed  as  resulting  in  an  actual,  potential,  or  apparent  conflic 
The.  existence  of  financial  interests  or  other  relationships  of 
.  commercial  nature  is  not  regarded  by  the  AACR  or  USC  £ 
,  aeating  -  a\  presumption,  of  impropriety.  Rather,  this  polk 
represents  recognition  of  the  many  factors  that  can  influenc 
judgments  about  research  data  and  a  desire  to  make  as  muc 
information  as  possible  available  to  those  reviewing  the  data, ' 

^1  faculty  participating  in  an  educational  activity  are  expected  t 
disclose  to  the  activity  audience  any  significant  financial  interest 
or  other  relationships  (1)  with  the  manufacturers)  of  an 
rammeraal  products  and/or  providers  of  Commercial  service 
f  in  an  educational  presentation  and  (2)  with  commerdc 

supporters  of  the  activity.  (Significant  financial  interest  or  othe 

®®  S’’®"'®  O'"  research  support 
employee  ron^ltant,  major  stockholder,  member  of  speaLn 
bureau,  etc.)  The  intent  of  this  disclosure  is<  not  to  prevent  i 
speaker  with';  a  ^significant  financial  or  other  relationship  fron 
making  a  presentation,  but  rather  to  provide  listeners  witt 
infoiTn,ation  on  which  they  can  make  their  own  judgments.  I 
*^®  ?fi<^ience  to  determine  whether  the  speaker'* 
relationships  may  influence  the  presentation  witf 
regard  to  exposition  or  conclusion.  ^ 

A  summary  of  the  disclosure  information  provided  by  Annua 
Meeting  presenters  may  be  found  on  pages  897-905  of  this 
rroceeaings. 
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#2742  CDMA  MICROARRAY  GENE  EXPRESSION  PROFILE  IN  A  HIGHLY 
BREAST  CARCINOMA  CELL  LINE.  Rafik  Khaimov,  Eugene 
Bhadrasain  Vikram,.:and  Mohan  P  Achary;  Albert  EnsteMoll 
Of  Medicine,  Bronx,  NY  •  ;  ,  _  ; . 

To  identify  differential  expression  of  genes  associated  with  breast  metastasis 
we  analyzed  low  metastatic  (HI-177)  and  highly  metastatic  (C-100)  cell  lines.’ 
derived  from  the  same  source:  by  cDNA  mlcroarray.  The  hypothesis  Is-that  genetic 
alterations  leading  to  the  underexpresSion  and  overexpression  of  specific  genes 
are  responsible  for  the.  ability  of  a  breast  carcinoma  cell  to  become  low  or  highly 
metastatic.  We  Used  the  "mlcroarray  .chips  and  the  image -scanning  p)rograrns, 
recently  developed  In  the  Genome  Mlcroarray  Facility  of  Albert  Einstein  College  of 
Medicine.  Fluorescent  cDNA  probes  for  hybridization  were  derived  from  HM  77 
{Cy3)  and  C-100  (CyS)  cell  lines  and;' to  detemilne  the  relative  abundance  In  the 
^o  ^mples  :Of‘  mRNAs-  corresponding  to  each  gene,  the  signals  representing 
hybridization  to  each  arrayed  gene  were  analyzed  using  the  ScanAlyze2  software. 

•  *  M  I  origin  of  these  cell  lines  was  the  same,  we  found-overexpresslon 

66:  ESTs  and’ underexpression  of  ‘known  gene  arid.4 
in  the  highly  metastaticvcell  line.  Northern  blots  are  underway  to  verify  the 
expression- levels  of  pverexpressed  genes  (e.g.  tyrosine  kinase-, isuperoxide  dls- 
mutase,  thymidylate  synthase)  and  an.  underexpressed  gene  (hsp28)  with  that  of 
rnicroarray  results.  If  differentiaf  expression  is  confirmed,  the  genes  will  be  further 

,  charactenzed -to  i  determine  their  role  in  :breast  metastasis.  •  '•  .. 
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TO  IDENTIFY  DIFFERENTIAL  EXPRESSION  OF  GENES  ASSOCIATED  WITH 

;  breast  METASTASIS  uuiAitDWITH 

Lilianette  Rovira  and  Mohan  Achary 

Albert  Einstein  College  of  Medicine 

of  oene  expression  specific  to  each  orS  of  S  tomo^  ">«  P""®™ 

according  to  treatment  and  dinical  oStZfllfe  hSesis  is 

patterns  of  gene  expression,  which  determines  the  mpranotit-  t  tumors  have  distinct 

therapeutic  approaches  especially  for  group  II  tumors  and  sDarrthe°nm!'  improved 

toxicity  of  chemotherapy  The  obiective  of  fha  n  m-ont  ■  ^5  Omup  I  patients,  the  expense  and 

expression  profile  in  a  hiqhiv  meS^r  h  mL f  microarray  gene 

We  have  isolated  total  RNA  from  these  cell  lines  SiTlaSeri^h’^  metastasis, 

containing  -9000  human  gene  sequences.  ^  ^  ^  Cy3/Cy5  and  hybridized  to  chips 

THYMIC  NURSE  CELLS  AND  MACROPHAGES  MAY  FUNCTION  IN  CONCERT 
M-.  during  MHC  RESTRICTION 

Mtchael  Samms,  F,  Emanus  M^Martinez  S.  Fousse,  M.  Pezzano  and  J.  Guyden  The 

City  College  of  New  York,  CUNY  ^ 

S“nr  TNCs  have  been 

II  on  their  cell  surfaces.  Thus,  TNCs  have  been  implicated  L  MHr^  ^*1*^  expr^s  high  levels  of  MHC  class 
involvement  in  T  cell  selection  our  laboraton/  ha<5  w  .If  restriction.  To  further  elucidate  TNC 

selectively  bind  and  intemX^ria  um  ^TNC-1)  that 

population  released  from  the  TNC  interartinn  wTc  ch«  .  ®  hymocytes  in  vitro.  A  subset  of  the 
development  while  thymocytes  the  abTCRhiCD69hi  stage  of 

apoptosis.  Here,  we  show  th7preCencro?bCrC^^^  the  process  of 

cytoplasm  of  freshly  isolated  TNCs  as  well  as  teTMr^  i  ^  if  ^  non-apoptotic  thymocytes  within  the 
macrophages  within  freshly  isolated  TNCs  This  findino  sunnnrf^  ^a^e  detected 

harbor  macrophages.  However  Xh  periteneal  mCfrLhff  TNCs  to 

injected  into  the  peritonal  cavity'  of  C57B/6  m"ff  Ce  dCte^fp^f f'-f  ®  pre-treaded  with  CFDA  SE  invitro  and 

and  more  specifically  within  TNCs  after  2  hours  ’  We  have  observed'tS  m 

and  out  of  TNCs  in  culture  Taken  tooethpr  th!  ho.  °°s®rved  the  movement  of  macrophages  into 
during  the  process  of  thymocyte  seleS  ’  ^  suggest  that  macrophage  work  in  concert  with  TNCs 

APOPOTOSIS,  CELL’S  DEATH 

Leonardo  Santana 

.  Bronx  Community  College,  CUNY 

during  developmeS  on  Verte?rate*Sma^s  ^®shanism.  Apoptosis  play  an  important  role 

Apoptosis  haslkedrhTffSn?nS^^^^ 

Kainic  acid,  neurotoxin  use  as  a  nurobioloqical  too  to  indnfp  n  f  Schizophrenia,  etc. 

old.  Brain  tissue  from  four  different  regions^fottactorv  b^bs  frfSta?f  7’  ^  °  weeks 

brain  were  collected  and  tested  for  positive  apoptotte  ce  Is  uTno  p  m®fh  '^PP°f  ^P'^s  and  occipital)  of  the 
detect  DNA  fragmentation;  one  of  the  characterktir  nf  annnfof*  (TUN  EL),  we  were  able  to 

positive  cell  was  detected  in  the  olfactorv  bulbs  and  fronfaf  f  The  grater  concentration  of 

s.u^;ny  have 
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Characterization  of  Metastasis  Associated  Gene  Sequences  in  Breast  Carcinoma 

Zhao,  Z.  Fan,  L.  Flerbst ,  H.  P.  Klinger^,  B.  Vikram  and  P.  Mohan  R  Acharv 
astasis  Laboratory,  Departments  of  Radiation  Oncology.  Pathology'.  Molecular^eneticf 
bert  Einstein  College  of  Medicine  and  Montefiore  Medical  Center  Bronx  NY. 

coaside^ble  .  physical.  S  filt  cid 

treatent  apd  w.th  great  ease  of  mind.  The  long-term  goal  of  this  study  is  to  use  thSn^tos  ' 
better  prognosis  as  well  as  the  basis  for  the  development  of  novel  therapies  in  future. 

metastatic  state,  primary  mammaiy 
^emonta  cells  mud  acquue  genetic  changes  in  addition  to  those  that  led  to^fZS^ 

Th^  may  mvohe  the  loss  of  function  of  metastasis  supptesMr  genL  or  thf  ^tivS  of 

reL^tl^  Promotog  genes  such  as  oncogenes.  The  existence  of  both  types  of  genes  have  been 

astasts.  The  tumor  and  metastatic  cells  were  recovered  by  laser  capture  microdissection. 

■fi-rv  <  u  screened  on  normal,  primary  and  metastatic  cell  DNA  '?aTnnlpc 

hybridisation  (FISH)  probes  to  screen  “  fluorescence  in  siiu 
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Y  #220  A  candidate  metastasis  associated  genetic  marker  for  ductal  mam¬ 
mary  carcinoma.  Hui  Zhao,  Zuoheng  Fan,  Lawrence  Herbst,  Dwayne  Breining, 

•Joan  G.  Jones,  Panna  S.  Mahadevia,  Harold  P.  Klinger,  Bhadrasain  Vikram,  and 
Mohanrao  P .  Achary.  Mbert  Einstein  College  of  Medicine  and  Montefiore  Medical 
Center,  Bronx,  NY,  and  AJbert  Einstein  College  of  Medicine  and  Montefiore 
Medical  Center,. 

Metastasis  is  responsible  for  most  deaths  from  breast  cancer.  The  objective  of 
this  project  is  to  identify  a  panel  of  molecular  genetic  markers  for  detecting  those 
13%  of  mammary  carcinoma  patients  with  negative  lymph  nodes  that  are  prone 
to  developing  metastasis  even  after  surgery,  or  surgery  combined  with  radiation 
and/or  chemotherapy.  This  would  also  benefit  the  remaining  87%  patients,  who 
could  be  treated  more  conservatively,  sparing  them  the  physical,  mental  and 
.  financial  costs  of  the  radical  treatment.  The  long-term  goal  of  this  study  is  not  only 
to  find  markers  for  prognosis  but  also  to  identify  metastasis'  associated  genes. 

Such  knowledge  could  guide  the  development  of  improved  therapies.  The  work¬ 
ing  hypothesis  is  that  in  order  to  achieve  the  metastatic  state,  primary  mamniary 
carcinoma  cells  must  acquire  genetic  alterations  in  addition  to  those  that  led  to 
transformation.  In  order  to  isolate  genes  associated  with  the  suppression  of 
metastasis  (whose  loss  would  increase  the  metastatic  potential  of  the  tumot^. 
Representational  Difference  Analysis  (RDA)  was  used  to  compare  the  DNA  of  cells 
from  archival  normal  tissue  or  primary  ductal  tumors  with  that  of  the  correspond¬ 
ing  metastatic  lymph  node.  The  primary  tumor  and  metastatic  cells  were  recov¬ 
ered  by  laser  capture  microdissection  and  DNA  samples  extracted  from  those 
cells  were  used  for  RDA  and  for  Southern  blotting  and  PCR  methods  to  screen 
metastasis  associated  gene  sequences  (MAGS).  Eleven  candidate  MAGS  were 
recovered  that  were  apparently  lost  In  metastatic  cells.  One  of  these,  MAGS-IX 
when  used  to  screen  normal,  primary  and  metastatic  cell  DNA  from  3  additional 
breast  carcinornas,  was  found  to  be  lost  in  metastatic  cell  DNA  of  two  of  these 
samples.  Thus  in  3  out  of  4  cases  (including  the  original  case  used  fpr  RDA) 

.  MAGS-IX  was  apparently  lost  from  those  primary  tumor  cells  that  bec^e  met¬ 
astatic.  This  makes  MAGs-IX  a  potential  candidate  for  being  a  metastasis  sup¬ 
pressor  gene.  RH  mapping  localized  MAGS-IX  to  a  21  cR  interval  betw^n  markr 
ers,  0105539  and  D10S549,  on  human  chromosome  10,  band  q21,1.  Homology 
searches  revealed  it  to  have  94%  sequence  identity  to  a  clone  on  human  chro¬ 
mosome  10  (AC022541)  but  not  to  any  other  known  gene  sequence,  suggesting 

CLINICAL  RESEARCH  1 

that  this  is  a  novel  MAGS.  Additional  archival  cases  are  being  screened  to 
determine  if  MAGS  IX  is  a  reliable  marker  fpr  identifying  breast  cancers  that  are 
prone  to  becoming  metastatic. 
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#189  Gcacs  and  pztixwzys  associated  with  iun23  gene  medidt^  inetastasis 
inhibition  in  breast  carcinoma  cells.  Hui  22iao,  Meena  Jhanwar-Uifi^/Viyek 
Anand,  Ilya  Kuperschmidt,  Gregoiy  Khttrov,  Lawrence  Hefbst,  khd  Mohaprap  P. 
Adary.ABa^Einstem'CoIiegeofMedic^  BroTauI^,AmerkmHe^FimndaA>n 
Cancer  Center.  Valhalla,  NY.  1.  M.  Sechemov  Moscow  Medical-Act^^,  Moscow. 
Russut.  'SiUcon  Genetics.  Redwood- City.  CA  and  ' Gene  Array  Rdow&^CmtA.  New 
York.  NY.  .  . 

Metastasis  of  various  malignantaes  has  beeii  shbvto  to  beihwo^y'fdated  to  tiie 
abundance  of  nm23  protein  expression.  Howeyct  the  'dowiistreath  'padiways  in¬ 
volved  in  niii23  mediated  supjpression  of  metastasis  have  not  been  elucidated.  In'the 
present  investigadon.'we  took  advantage  of’itDNA  ihicroa^rays  to  idendfy  hovel 
genes,  pathways  and  targets  for  gene  therapy  in  the  nni23  moJiatal  spontaneous  . 
breast  metastasis.  Microarray  experiments  were  jyerformed  in  two  celT  lines,  naihdiy: 
C-100  (only  veaor  transfected;  hig^y  metastadc)  and  Hl-177  (nm23  trajosfected; 
low  metastadc),  derived  from  human  mammary  carcinoma  cell  line,  MDA-MB- 
435.  The  aiialysis  of  data  from  3  independent  experiments  using  GeneSpring  soft* 
ware  reveaied  significant  as  wdl  as  consistent  alteradons  in  the  expressioii  (up  and 
down  reguladon)  of  2,158  genes  in  a  total  of 20,000  genes  between  high  and  low 
metastadc  cdls.  The  expression  of  197  genes  (0.98%)  was  elevated  more  chan  1.7 
fold  in  the  low  metastadc  cells  as  compared  to  the  highly  metastadc  cells.' Of  the  197 
sequences,’  133  (0.67%)  we  known  genes  while  64  (0.32%)  are  ESTs.  Conversely, 
the  expression  of  1961  genes  .  (9.8%)  was  down  regulated  (<  0.6,fold)  in  the  low 
metastadc  cdls  or  elevated  (>  1 .7  fold)  in  the  highly  metasadc  c^.  Of  the  1961  . 
sequences  811  (4.05%)  are  known  genes  while  1 1 50  (5.75%)  are  ESTs.  These  geines 
were  grouped  intO'6  ftmctional  categories,  namely  invasion  and  metastaris,  apopto¬ 
sis  and  senescence,  signal  transduedon  (molecules  and  cranscripdon-  foctors), 
qrcle  and  repair,  adhesion,  and  angiogenesis  to  extrapolate  an  associadon  between 
these  genes  and  different  pathways  involved  in  nm23  regulated  metastasis. -The 
differential  expression  of  some  of  these- genes  from  each  group -was  .-confirmed  by  ■ 
semi-quandtadve  RT-PCR.  TheiK  results  suggest  that  nm23  maydown  r^julate  the 
expression  of  certain  cell  adhesion  and  motili^  genes  such-as  ErbB2,'fibronectin  1, 
catenin,  collagen  ^  VIII  alpha  li  TGF  beta  2,  FGI7,  MMP14  and  16,  and 
several  integrins  (Alpha  2,  .-8,' 9,  L  and  V)  and  tumor/metastasis  suppressor  genes 
such  as  PTEN  and  2  members  of  SWI/SNF  related  matrix  associated  proteins'.  (2 
and  5).  We  used  an  in  vivo  spontaneous  (mammary  fac pad)  metastasis  SCID  mouse 
model  CO  confirm  that  overexpressioii.  df  nm23  -gene  suppresses  metastasis.  .We 
observed  that  the.  mice  injected  with  nm23  overexpre^ing  cdls  showed  reduced 
lung  'metastasis  as  dompared  to  chose  that  were  -injected  .wfifo  low  nm23  expressing 
cells.-'Thus  our  studies  demonstrate  that  nm2-3  gene  plays  a  inajor  role  in  metastasis 
and  its  mechanism.of  acrion  of  metastasis  suppression  mayunyolve  down  it^ulation 
of  cell  adhesion  and  motility  genes  and  also  certain  important  cumorigenesis/me-' 
tastasis  suppressors.  Grant  .suppon  from  IH  Klinger  Research  Foundation  to  HZ, 

.  US  Army  Medical  Research  Materiel  Command  (DAME).  17-99-1-9055)  to  MPA 
and  National  Institutes  of  Health  (NCI  CA  17613)  to  MJU  am  gtatefuOy  ackhpvd- 
edged.  ' 
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MOHAN  ACHARY,  PH. D. 

^r.  Mohan  Achary  is  a  cancer  biologist  and  an  assistant  professor  in  the  Department  of  Radiation 
neology  at  Albert  Einstem  College  of  Medicine,  Bronx,  NY.  He  did  his  Ph.D.  on  molecular 
mechanisms  of  DNA  replication  in  India.  He  is  presently  funded  by  Radiation  Therapy  Oncology 
Group  and  the  Department  of  Defense  Breast  Cancer  Research  Program  to  develop  novel 
molecular  markers  for  predicting  the  response  of  cervical  carcinomas  to  specific  types  of 
therapy  and  for  determining  which  mammary  carcinomas  will  become  metastatic.  He  teaches  and 

supervises  medical  residents  in  the  departments  of  Radiation  Oncology  and  Molecular  Genetics 
at  binstein. 


REV.  RAYMOND  C.  DEMPSEY 

Rev.  Raymond  Dempsey  seh^es  as  associate  minister  at  Ebenezer  Baptist  Church  in  Virginia 
Beach.  Rev.  Dempsey  received  the  Lord  Jesus  Christ  as  his  personal  savior  in  1953  at  the  age  of 
years  old  and  was  ordained  as  a  deacon  at  Community  Baptist  Church  at  18.  He  was  licensed 
to  preach  on  Aug.  8.  1993. 

He  attended  Marian  College,  where  he  obtained  a  B.S.  in  business  administration  In  1975 
and  completed  42  hours  of  an  MBA  program  at  Wichita  State  University  in  1983  In  May  2000 
he  received  a  ceitifate  in  religious  studies  from  the  Evans-Smith  Uaderehip  Training  InsUtute, 

Theology  of  Virginia  Union  University 

and  the  Baptist  General  Convention  of  Virginia. 

He  served  in  the  U.S.  Army  from  1966-1978. 

AMY  E.  GARBER 

mEori  “  ?1^'  '''=  Equal  Employment  Opportunity  Commission-s 

MO  a  r“  “■  I**"  «>'=  uonunission  since  September 

intern  Norfolk  Area  Office.  In  her  capacity  as  trial  attorney  she 

represents  he  commission  when  it  brings  suit  against  private  employeni  for  violations  of  Title  VH 

?.h  amended),  the  Equal  Pay  Act,  the  Americans  with  Disabilities 

Act  and  the  Age  Discrimination  in  Employment  Act. 

Prim  to  joining  the  commission,  Ms.  Garber  spent  almost  five  years  in  private  practice  in 

Nwport  News  representing  employees  and  employers  in  employment  related  matters  in 

tederal  and  state  courts  and  in  administrative  settings.  She  is  a  1994  graduate  of  the  University 
ot  Richmond’s  T.C.  Williams  School  of  Law.  university 

At  present  she  is  also  functioning  half-time  as  an  administrative  judge  for  the  commission. 

mark  GRAY,  PH.D. 

d«P«n>ent  of  biology  chemistry  and  environmental  science 
Li.,.  •“  University,  is  an  instructor  of  microbiology,  genetics  and 

PW  nd“n  rf'’'  “  ‘"“'’“'“SJ'  f™™  Thomas  lefferaon  University  in 

Philadelphia,  PA.  He  continued  his  studies  on  the  relationship  between  raectiani.sm  of  DNA 


INFORMATION  CONFERENCE  ON  THE  HUMAN  GENOME  PROJECT 
The  Challenges  and  Impact  of  Human  Genome  Research 


CONFERENCE  PROGRAM 


8:30  a.in. 

9  a.m. 
9:30  a.m* 


10  a.m. 


11:15  a*in. 
11:30  a.m. 


12:30  p.m. 
1:15  p.m. 
1:30  p.m. 


Continental  Breakfast 

Registration 

Greetings 

Purpose  of  the  conference-Stevalynn  Adams 

Honorable  Yvonne  B.  Miller-Fifth  Senatorial  District,  Virginia  State  Senate 

Michelle  Ellis  Young-President,  Beta  Theta  Zeta  Chapter  (Norfolk,  VA),  Zeta  Phi  Beta  Sorority,  Inc. 

Introduction  of  Keynote  Speakers 

The  Human  Genome  Project:  From  Inception  to  Present 

Dr.  Bettie  J,  Graham-Program  Director,  Division  of  Extramural  Research 

National  Human  Genome  Research  Institute  (NHGRI) 

National  Institutes  of  Health  (NIH),  Bethesda,  MD 

The  Human  Genome  Project: 

Ethical^  Legal  and  Social  Issues  of  the  Human  Genome  Project 
Dr.  Charmaine  Royal-Principal  Investigator,  GenEthics  Unit 
National  Human  Genome  Center,  Howard  University,  Washington,  DC 

Break 

Panel  Discussion 
Moderator: 

Dn  Mark  Gvsiy-Professor  of  Biology  Chemistry  and  Envhvnmental  Science  (BCES) 
Christopher  Newport  University,  Newport  News,  VA 

Panelists: 

Dr.  Mohan  Achsxry-Cancer  Biologist  and  Assistant  Professor 
Albert  Einstein  College  of  Medicine,  Bronx,  NY 

Rev.  Raymond  C.  T>empsey-Associate  Minister 
Ebenezer  Baptist  Church,  'Srirginia  Beach,  VA 

Amy  E.  Garber-Tr/a/  Attorney 

Equal  Employment  Opportunity  Commission’s  (EEOC)-  Norfolk  Area  Office,  Norfolk,  VA 

Dr.  Dcbabrata  Majumdar-P/q/e^sor  of  Biology 
Norfolk  State  University,  Norfolk,  VA 

Dr.  Virginia  VronA-Pediatrician  and  adult  genetic  counselor 
Children’s  Hospital  of  the  King’s  Daughters  (CHKD),  Norfolk,  VA 

Dr.  Hui  Xhno— Research  Associate 

Albert  Einstein  College  of  Medicine,  Bronx,  NY 

Complimentary  Luncheon 
Wrap  up^What  Next? 

Presentations,  special  recognitions  and  closing 


UNIVERSITY  OF  CALCUTTA 

♦  GENETICS  RESEAROI  UNIT ♦  OEPARTMENT  OF  ZOOLOGY^ 
3SBAU.YGUNGE  ORGULAR  ROAD  ♦CALCIfTTA-TDO 019 ♦INDIA 


Prof,  a  N.  CHATTERJEE 

PluD.;D^(C^;FZSI:FZS 


^  91-033  •  475-3681  [O] 
iO  91-033- 442-4678  pq 
Fax:  91-033-476-4419 

Dote . . 


3- 15-2001 


To 

Dr.  Mohan  P.  Achary 

Assistant  Professor  and  Cancer  Biologist 
Department  of  Radiation  Oncology 
Jack  and  Pearl  Resnick  Campus 
1300  Morris  Park  Avenue 
Bronx, 

New  York  10461 
USA 


Dear  Dr.  Achary : 

J  ®  reliable  source  that  you  will  come  to  Kolkata,  India,  in  April, 

2001.  If  you  can  arrange  your  travel  plans,  you  are  welcome  to  visit  our  department, 

Kper^ly  our  laboratoiy  in  the  Department  of  Zoology,  University  of  Calcutta  and  you  could 
^o  give  a  lecture  to  our  students.  I  shall  be  highly  obliged  if  you  could  accept  the  invitaUon  and 
inform  us  If  you  could  like  to  deliver  a  lecture  on  the  tt^lc  chosen  by  youiself. 

I  am  looking  forward  to  hearing  from  you. 


(Prof;  N. dhatteijee) 

ftofessor  in  ZoOlogv 
wvBEsity  of  Calcutta 


PHtwa  :  475-3«81  (4  Lines) 

COLLEGES  OF  SCIENCE  &  TECHNOLOGY 
UNIVERSITY  OF  CALCUTTA 

DEPARTMENT  OP  ECOLOGY 
35,  Bauygonob  CntcDtAR  Road 
Cauwta-TOOOW  (INDIA) 

5-  15-2001 


To  whom  it  may  Concern 


This  is  to  certify  that  Dr.  Mohan  P.  Achary,  Ph.D.  Assi^ant  Professor  and  Cancer 
Biologist.  Department  of  Radiation  oncology,  has  delivered  a  lecture  entitled  "  Molecular  markers 
of  breast  metastasis  and  cervical  cardnomas  in  our  department.  Our  students  and  a  large 
number  of  research  fellows  have  benifited  ficm  his  deliver.  I  wish  him  every  success  in  life. 


( Prof.  B.  Manna ) 


Head 

Department  of  Zoology 


Wtef,  A  BeaM 
Wtpartmmt  of  Zoohgf 
Oafvem'D'  of  Cclcuiu 


0112011  (1998-2000) 


department  of  the  army 

vs.  AW^JY  MEDICAL  RESEARCH  AND  NUTERIEL  COMMAND 
1077  PATCUEL  STREET 
FORT  DETRICK  MD  217QL5(m 


Please  note  the  following: 


The  abstract  entitled:  MOLECULAR  MARKERS  OF  METASTASIS  IN  DUCTAL 
MAMMARY  CARCINOMA 


for  contract:  DAMD179919055 


to  be  presented  by:  Patnala  Acliary 


at  the  September  25-28, 2002,  Era  of  Hope  meeting  will  be  presented 
Tumor  Progression  I,  P9-1 


in  Poster  Session: 


that  IS  scheduled  for  Thursday,  September  26, 2002,  at  6:30-8:30  p.m. 


Poster  Session  Setup: 

September  25,  2002,  from  1 :00  p.m.  -  6:00  p.m. 
September  26, 2002,  from  7:00  a.m.  -  3:00  p.m. 


During  designated  Poster  Session  periods.  Principal  Investigators,  or  designated 
represen  tatives,  will  be  required  to  be  at  their  posters  to  discuss  their  work. 


Posters  must  be  taken  down  by  10:00  a.m.  on  September  29, 2002. 


MOLECULAR  MAKERS  OF  METASTASIS  IN 
DUCTAL  MAMMARY  CARCINOMA 

P.  Mohan  R.  Achaiy*  H.  Zhao,  Z.  Fan,  H.  P.  Klinger* 
and  B.  Vikram 

Metastasis  Laboratory,  Departments  of  Radiation  Oncology 
and  Molecular  Genetics*,  Albert  Einstein  College  of 
Medicine  and  Montefiore  M^cal  Center,  Bronx,  NY. 

acliary@aecom.yu.edu 

About  13%  mammary  carcinoma  patients  with  negative  fynqih  nodes  are  prone  to  developing 
metastasis  eyen  if  treated  with  surgery,  or  surgery  and  radiation  therapy.  The  olyective  of 
this  project  is  to  construct  a  panel  of  molecular  genetic  maiicers  for  detecting  tluise  13%  of 
patients  so  that  diey  could  be  treated  more  aggressively. 

We  hypothesize  that  in  order  to  achieve  the  metastatic  state  primary  mammary  carcinoma 
cells  must  acquire  genetic  changes  in  addition  to  those  th^  led  to  transformatkm.  A 
subtractive  DNA  lybridization  technique.  Representational  Difference  Anafysis  (RDA)  was 
used  to  conyiare  the  DNA  of  cells  fix>m  archwal  normal  tissue  or  primary  ductal  tumor  with 
that  of  the  metastatic  fymph  node  of  the  same  patient  in  order  to  isolate  those  sequences  that 
were  lost  in  the  course  of  tumor  metastasis.  '1^  tumor  and  metastatK;  cells  were  recovered 
by  laser  culture  microdissection  and  subjected  for  RDA  and  also  used  for  Southern  Uotting 
and  PCR  screenirg  with  the  probes  obtaii^  from  the  RDA  procedure. 

We  isolated  1 1  seqiKnces  that  are  candidates  for  being  metastasis  associated  gaie  sequence 
(MAGS)  because  foey  were  lost  in  metastatic  cells,  fi^diation  hybrid  O^H)  moping  of  these 
sequences  agreed  with  the  results  of  sequence  homology  localization  searches.  To-date  three 
ofthese  11  sequences  were  used  to  screen  normal,  primary  and  metastatic  cell  DNA  samples. 
MAGS-XI  was  found  to  be  lost  in  tte  metastatic  cells  of  3  out  of  the  5  tumors.  MAGS-IX 
was  found  to  be  lost  in  metastases  from  2  out  of  3  primary  tumors,  and  MAGS-IV  was  lost  in 
1  out  of  3  tumors.  RH  mapping  and  homology  search  results  indicated  that  MAGS-IX  was 
located  on  the  long  arm  of  chromosome  10  the  PTEN,  a  known  metastasis  suppressor 

gene  fe  also  locat^  To  determine  if  MAGS-IX  is  perhsqrs  a  part  of  the  PTTN  gene  we  PCR 
screened  the  above  mentioned  three  tumor  cell  DNA  sampfes  and  a  breast  carcinoma  cell 
line,  HCC-1937  which  has  homozygous  loss  of  the  PTEN  gene  (10q23  region).  Tte  results 
indicated  that  MAGS-IX  is  not  related  to  the  PTEN  gene 
but  is  a  novel  gene  sequence.  Present^  we  are  isolating 
partkil  and/or  full-length  sequeru^  of  these  MAGS  to  use 
as  fluorescence  in  situ  hybridization  (FISH)  probes  to 
screen  a  larger  number  of  tumor  sanq>les.  A  2IQ)  sized 
MAGS-IX  has  been  genoated  and  localized  to  the  q21 
regfon  of  human  c^mosome  number  10  by  FISH 
(Fig^).  Screening  the  prim^  tumor  tissue  sections  of 
carcinomas  which  metastasize  to  lymph  nodes  is 
underway.  panel  of  molecular  markers  that  we  e7q)ect 
to  develop  shouM  make  it  possible  to  detect  those  tumors 
(~13%)  that  are  prone  to  becoming  metastatic. 

Fig.  Localization  MAGS-IX  to 
human  metaphase  diromosome  10q2]  regi<Mi  by  FISH.  Ca)trom««  of  chromosome  8  was  used  as  a  positive 
ctmtrol  probe.  Both  sequences  were  labeled  i^th  spectrum  green  (Vysis)  and  chromosomes  were  counter 
stained  by  OAPI. 


The  U.S.  Army  Medical  Research  Materiel  Command  under  DAMD17-99-1-9055  siq)ported 
this  woric. 


'’fiUSHEO 


FAX  #(718)  430-2454 


September  28, 1999 


Lucio  Luzzatto,  MD 
Courtney  Steel  Professor  and  Chairman 
Department  of  Human  Genetics 


Dr.  P.M.  Achary 
Dept  of  Radiation  Oncology 
and  Department  of  Molecular  Genetics 
Albert  Einstein  College  of  Medicine 
1300  Morris  Park  Avenue 
Bronx,  NY  10461-1802 

Dear  Dr.  Achary; 

Thank  you  very  much  for  sending  in  a  title  for  the  forthcoming  meeting  of  the  New 
York  Human  Genetics  Club.  As  you  see,  this  is  included  in  part  I  of  the  programme. 

The  time  available  for  each  presentation  will  be  10  minutes,  plus  5  minutes  for 
questions.  1  know  this  is  a  short  time,  but  I  hope  that,  by  keeping  the  introduction  to  a 
rilinimuin;  you'  Will  find  it  still  possible  to  present  compellingly  your  main  new 
findings. 

To  keep  the  programme  layout  simple,  I  have  included  only  the  name  of  the  speaker.  It 
is  left  to  you  to  mention  during  your  talk  who  is  in  charge  of  the  lab,  your  collaborators, 
etc. 


I  am  very  much  looking  forward  to  seeing  you  on  October  14th.  Please  kindly  confirm 
with  Valerie  Charles  at  (212)  639-6165. 


With  best  regards. 


VLCCb  cjLy^fCth 


It/hf. 


Lucio  Luzzatto,  M.D. 


cc:  Harold  Klinger 

Dictated  but  not  read. 


Memorial  Sloan-Kettering  Cancer  Center 
i2j^  York  Avenue,  New  York,  New  York  10021 
Telephone  212.639.6165  •  Fax  2/2.717.3374 
E-mail:  l-luzzatto@skimskcc.org 

NCI -designated  Comprehemive  Cancer  Center 


The  Eighth  Meeting  of  the  New  York  Human  Genetics  Qub 

October  14, 1999 
The  New  York  Blood  Center 
310  East  67*^  Street 


PROGRAM 

5:00  The  p-globin  LCR  controls  expression  levels  but  does  not  prevent  hetero-cellular  position 
effects  -  Raouf  Alami  (B.  Bouhassira),  Albert  Einstein  College  of  Medicine 

5:15  Nipped-B,  A  drosophila  homologue  of  chromosomal  adherins,  participates  in  activation  by 
remote  enhancers  in  the  cut  and  ultrabithorax  genes  -  Rob  Rollins  (Laboratory  of  Dale 
Dorsett)  -  Memorial  Sloan-Kettering  Cancer  Center 

5:30  Genot3rpic  analysis  of  human  p2-adrenergic  receptor  gene  in  long-QT  syndrome  and  normal 
subjects  -  Xiaoyan  Qu  (J.  Russo/LS.  Edelman),  Columbia  Genome  Center,  Columbia 
University 

©Gene  expression  profiles  of  cervical  cardhoma  cell  lines  with  different  degrees  of 

radiosensitiviiy  obtained  with  the  cDNA  microarray  method  -  P.M.  Achary  (Harold  Klinger) 
—  Albert  Einstein  College  of  Medicine 

6:00  Mechanism  of  double-strand  break  formation  during  meiotic  recombination  initiation  in  S. 
cerevisiae  -^ott  Keeney  -  Memorial  Sloan-Kettering  Cancer  Center 

6:15  Somatic  imprinting  of  LCR  containing  cassettes  in  mouse  exythroleukemia  cells  -  Yong- 
Qing  Feng  Bouha^ra),  Alb^t  Emstein  College  of  Medicine 


6:30  TEA  BREAK 


7:00  Developmentof  an  antistathminribozyme-based  strategy  for  gene  therapy  of  cancer - 

Sucharita  J.  Mistry  (Laboratory  of  George  Atweh)  -  Mt.  Sinai  School  of  Medicine 

7:15  Retroviral  mediated  transfer  of  ttie  human  glucose  6-phosphate  ddiydrogenase  (HG6PD) 
gene  rescues  G6PD  deficient  phenotype  of  G6PD-null  embryonic  stem  cells — Olga 
Camacho  Vanegas  (Laboratory  of  Lucio  Luzzatto),  Memorial  Sloan-Kettering  Cancer  Center 

7:30  PHRANC  (a  PML-HPRR  retinoic  add-depoident  nudear  complex)  is  essential  for  the 
tumor-growfh  suppressive  activity  of  retinoic  add  -  Sue  Zhong  (Laboratory  of  Pi©:  Paolo 
Pandolfi),  Memorial  Sloan-Kettering  Cancer  Center 

7:45  Phenotypic  consequences  of  a  hypomozphic  mutation  in  the  mouse  BRCAl  gene — Thomas 
Ludwig,  Columbia  University 

8:00  Interphase  FISH  of  polycythemia  vera  (PV):  higher  sensitivity  and  new  insights  into  PV  - 
Lya  Montella  (A.  Scalise,  V.  Najfeld/Tumor  Cytogenetics),  Mt.  Sinai  Medical  Center 


8:15  BUFFET  DINNER 


of  Tumor  Response 
Molecular  Markers 
"  H|^<iTlie  Micrpeiudroim^ 

Scientific  Director:  Dr.  Shirley;:&linert 

Radiation  Oncology  Diwion 
McGill  University 


Dimcteur  sdentifigiLe  :Dx}S^^;^ert 
-  .  •  :  ■  •  -  ^ip^ion  de  r.adio-oncqlpgie 

■  _  Uniyer site  McGill 


....  Ho^i'iay  Inn  Montreal 
T)ctpber  8-9  octp5rp  1^99 
.  Montreal,  Canada  ' 
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'  ‘HTl'80/r-^SF2=  0' 7nf  rp.n  ' "Fu’‘'‘‘'?'’F;^  0-28)'  and . radioresistant' 

fwo  samples  of  inl^As 

■  expression  -of  certain  eenes  in  th  significant  differences  in  the 

•  radiosensitive  cell  1inp^<jK  ?  these  .  two.  cervical  ceU  lines  were  observed.  While 

'  TGFB  I  EGF  rpr  <^y<^lin-dependent  kinase  4  inhibitor 

EST^tl^fo  f  T  accessory  factor  and  several 

S2  S-sSS' ““f ?i»  ““ — S  S  S 

180/1.  cell  line  ceemc  ^•,^  -k  ^  -li  ^^P^rr  gene,  its  overexpression  in  the  HT 

studies  are  underway  to  corSi°fte  ^  radioresistant  phenotype.  Northern  blotting 
Since  -MGMT  w^^f  nre^,  overexpression  of  MGUT  gene  in  HT180/1  cell  line. 

•  have  extended  our  studies  to  the  sensitivity/resistance,  we  also 

'.cervical  cell  lines  Sa  and^Stk  expression  profiles  of  these 

determine  its  role  The^p  -^^P°sing  them  to  ionizing  radiation  to  further 

exprSVlfil:  ?  may:  prove  valuable  determining  the  complex  gene 

for  tonor  dfagnorir  S°e™a,L®r“  ^ 


BEST  AVAILABLE  COPY 


RADIOBIOLOGY/RADIATION  ONCOLOGY  7 


onstrated  that  the  conjugate  was  stable  in  vivo.  The  result  implies  that  F-18- 
RC160  may  be  a  potential  radiopharmaceutical. for  breast  cancer  detection  by 
PET.  •>  ■  •  ••  ...  •  J 


#4504  HUMANIZED  ANTl-CEA  X  CHIMERIC  ANTKINDIUM-DTPA] 
BiSPECIFlC  ANTIBODY  CONJUGATES  FOR  RADIOIMMUNOTHERAPy  OF 
CEA-POSITIVE  TUMORS.  Habibe'^K'aracay,  W.  McBride,’ R.  M  Sharkey,  H/Han- 
sen,  and  D.'  M  Goldenberg,  Golderi  State  Cancer  Ctr,  Belleville,  NJ,'  a'nd  /rhmu- 
nomedics.  Ihc^  Morris  Plains,  NJ  '  ’  ■  -  •  ’  ' 

A  two-step  preta'rgetirig  approach  using  a  bispecific  antibody  (bsMAb) /ollowed 
by  a  radiolabeled  peptide  is  described.  As’ a  prelude  to' constructiiro  a  fully 
humanized  erigineered  bsMAb  for  such  targeting,  we  have  cheniicaliy  prepared  a 
series'of  human/chimeric  bsMAb',‘hMN-14  x  c734  (anti-carcinberhbryt^ic  antigen 
[CEA]  X  anti-indium-DTPA  [!n-DTPA].  To  determine  an  optimal  cdnfrouration  for 
therapeutic  applications;  [IgG  x  Fab'],  [F(ab')2  x  Fab’j'and  [Fab’X  Fa^j  conjugates 
were  prepared.  For  imaging  and  therapy' with  Tc-99m  and  Re- 188/ respectively; 
a  peptide  IMP-192,  with  2  DTPAs  ahd  a  chelate  for  seledtively  bmcling‘  Tc-99m/ 
Re-188,  was  synthesized  (IMP-192:  [Ac-Lys(ln-DTPA)-Tyr-L/s(ln-DTPA}-Ly- 
s{TscG-Cys-)-NH2],  TscG=3-thiosemicarbazonylglyoxyi}.  In  pr^minary  studies, 
mice  bearing  GW-39  human  colonic  cancer  xenogfafts^'weredmected  with  !t125 
labeled  bsMAb  conjugates. '[Ig'Gl  X;  Fab’]  showed ' the  highest/umor 'uptake! bnd 
retention  was’.observed’ for  at  least  7  days.'  Thus, -the  [IgG  /  Fab'];  might,  allow 
delivery  of  the  highest  dose  of  the;  Re-1 88  labeled  peptide  To  the  .  tumor  for 
radioimmunotherapy.  (Supported  in  part  by  Grants  CA.  81/60  and  37895  from 
NIH.)  ..  .;i.  .  ,V"  ,  T'  ..  ,  :v  ■  .  /  •  .ii  .  •:  ,  ,1  ■  .  t. 

#4505  PROTEASOME  INHIBITION  ENHANCEs/rADIOSENSITIVITY' OF 
HUMAN  PANCREATIC  CANCER  CELLS  /W  l//rRO./Michael  A  Houston;' Rong 
Liu,  Karin  Abendroth,  Albert'S  Baldwin,  and  Jame/  C  Cusack,  L/n/V  of  'North 
Carolina  at' Chapel  Hill,  Chapel  Hill,  NC  '  ’*  ■  .*■' 

'Activation  of  NF-KB-explains  one  mechanism'  of  riducible  radioresistance  in 'a 
numper'bf  human  cancer  ceH'  lines.  Irradiation  hasroeien  “shown  to  induce 'activa¬ 
tion' of  NF-kB  in  fibrosarcoma,'''coiorectai,  and  p^creatic  cancer  dells.  We  have 
previously  demonstrated  that  'the  proteasome'  /hibitor,  PS-341  blocks  NF^kB 
induction  by  chemotherapy  in  human  pancreat/  cancer- cells'.  This' study  inves- 
tigates'the  effect  of  proteasome  inhibition  on  g/owth  rate  and  survival  in' pancre¬ 
atic  cancer  cells  treated  with  y-irradiation./Human  pancreatic'  cancer  cells 
(BxPC-3,;’CFPAC,  and  Panc-1)  Were  grown  \n  6-well  plates  at'37°  C  at  5%'  CO^i 
Cells  were;  treated  ■"'with  ■  PS-341  .(1  di/ted  'in  growth  medium;  ' or  growth 
rhedlum  alonetor  one  hour;  Three  Hours  later,  cells  were  irradiated' at  6Gy  or  8Gy 
using  a  ^^^Cs  source.  Controls  were  sham-irradiated  andHhe'medlum  was  re¬ 
placed  for  all  cells  following  irradiation/  Treatment  groups  were  in  triplicate 
wells/day,  and  inclijded.;7-irradiatlon  onli/pS-341  +  y, =  PS-341. onfy,  and  negative 
controls.  Cell  counts'were  performed  fo/days  0-3'.  For  alfcell  lines,  treatment ^with 
PS:-341  'or  6Gy  aldne'resulted  iri''a-rnir^ally:decreased'gfowth  rate  comparedTo 
controls.  Combined  treatment  with  /s-341  and  6Gy  resulted  in  'a  statistically 
significant  reduction  in  cell  number  sft  day  3  (p<0.001,  ANOVA)  for  CFPAC  and 
BxPC-3  cells,  but  not  for  Panc-1  c^s  {p<0.06.  ANOVA).  Panc-1 -cells  showed  a 
significant.difference  when  treated^ith  PS-341  +  8Gy  (p<0.QO2,  ANOVA).  These 
findingsnsuggest  that  proteasorr/.  inhibition,  with-  PS-341.,  may  play  af role  in 
enhancing  the  radiosensitivity  of  pancreatic  cancer  cells.  Studies  are  underway  to 
further  characterize  this  effect,  and  to  determine  the  effect  of  PS-341  oo  NF-kB 
induction  by  irradiation  in  pancreatic: cancer  cells.''  I''  ;  i' 


#4507  MULTIDRUG  RESISTANCE  (MDR)  AND  RADIATION  RESISTANCE 
IN  HUMAN  SMALL  CELL  LUNG  CANCER  CELLS  TREATED' WITH  FRACTION¬ 
ATED  RADIATION.  Rozelle  M  Harvie,  Hai  Ping  Sun,  Sherida/  Henness,  Greg  B 
Peters,  Mary  W  Davey,  ‘and  Ross  A  Davey, . -.Roya/  A/orf/i  Snore  Hasp,-  Sydney, 
Australia,  and  Univ  of  Technology,  Sydney,  Sydney,  Australis  iiv 
..  Small  ceiriung  cancer  (SCLC)  is  typical  of  cancers  that  ir® ally  respond  well  to 
chemotherapy  and  radiotherapy  but  subsequently  develop  drug  and  radiation 
resistance.  Despite  the  clinical  evidence  for  an  association  between  drug  and 
radiation  .resistance,  there  are  few  cellular  models  in  whicri  to  study  this  relation¬ 
ship  and  ways  of  circumventing  resistance.  We  therefore  treated  the  H 69  “clas¬ 
sic"  and  H82  “variant"  human  SCLC  cell  lines  with  fractionated  radiation  (X-rays) 
consisting  of  a  total  dose  of  37.5  Gy  given  over  30  weel/  to  produce  the  H69/R38 
and- H82/R38  sublines: The  H82  cells  were  inherently 'npre  radiation  resistant^with 
higher  levels  of  Multidrug  Resistance-associated' Protein  TMRP)  than  the  H69 
cells.  The  H82/R38  subline  showed  little  increased  re/istance  to  radiation  but  had 
developed  low  level  resistance  to  cisplatin,  :the  anmrcyciines,  .gemcitabine  and 
taxol.  In  contrast,  the  H69/R38' subline  was  over  2-f® Id  radiation  resistant,  12 -fold 
resistant  to  cisplatin,  8-fold  to  daunorubicin,  Infold  to ! epirubicin,  !‘5-fold  to 
gemcitabine  but  was  not  resistant  to  taxol:  This /was -accompanied  by  a  small 
increase  in  MRP' expression,  no  significant  ch^ge^  in  either  Lung  Resistance 
Protein  (LRP),  bcl-2  or  p53  expression,  and  P-qfycoprotein  was  not  detected  in 
either  subline  or  in  the  parental  cells.  Cytogenetp  analysis  of  the  H69/R38  subline 
showed  several  rearrangements,- but  none  of  tnese  have  been  associated  spe- 
qifically  with  MDR.  These  sublines  with  radiation-induced  radiation  resistance  and 
MDR  therefore  provide  cellular  models  in  whfch  the  molecular;  mechanisms  and 
the  cellular  response. pathways  involved  can/be, defined.  •-  .  , 


#4508  IN  VIVO  ENHANCEMENT  Of/tUMOR  RADIORESPONSE  BY  C225 
ANTI-EPIDERMAL  .  GROyVTH  FACTOf/  RECEPTOR  ANTIBODY.  Luka  Milas, 
Kathy  Mason,  Nancy  Hunter,  Sven  Petfersen,  Michitaka  Yamakawa,  Kian  Ang, 
John  Mendelsohn,  and  Zhen  Fan,  U  T  If!  Q- Anderson,  Houston,  jp<,  and  U  T  M.D 
Anderson  Cancer. Cfr,  Houston,  TX  f  .’  ...  '  ...  T  . 

.Overexpression  pf, epidermal,  growti  factor  receptor.  (EGF8)  has  been  corre¬ 
lated  with  tumor  resistance  to  cytotojyc  agents,  including  radiation  (Akirpoto  etal., 
Clin,  Cancer  Res.,  5:2884,  1999),  .amd  thus  is  a  candidate  target  for  anticancer 
treatment.  This  study  investigated  whether  treptmpht  with  'C225  anti-EGFR  anti¬ 
body  would  irnprove  tumor  resporj/e  to  radiotherapy.  Nude  rnice  bearing  ,8  mrn 
diameter  A431  tumor  xenografts  ir/the  hind  leg  were  treated  with  C225  antibody, 

1 8  Gy  of  singlerdose  local  tumor  irradiation,  opbpth.  C225  was  given  !. p,  at  a  dose 
of  1  , mg/mouse  ,6.  h  before  irraciation  or  .6  h. before  and  3  and  6  days  after 
irradiation.  Delay  in  tumor  growtn  was  the.treatrnent  endpoint.  C225  dramatically 
improved  the  efficacy  of  local,  mmor  irradiation,,  particularly  when  multiple  injec- 
tions  of  C225  were  administer^.  Tumor  radioresponse  was  enhanced  by  a  factor' 
of  1.59  by, a  single  dose  and  ny.a  factor  of  3.,62:by  3  dpses  of  C22.5.  Histological 
analyses^pf  turnprs  revealed  t/at  C225  caused  a  striking  increase  in  central  tumor 
necfopis,  associated  with  hemorrhage  and  vascular  thrombosis  when  cornbined 
with  radiotherapy.  In  additi/i,  C225  induced  heavy  tumor  infiltration  with  granu^ 
locytes,  increased  tumor  cell  terminal  differentiation,  and  inhibited  tumor  angio¬ 
genesis.  We  conclude  th^  C225  anti-EGFR  antibody  enhances  tumor  radiore¬ 
sponse  by  .multiple  mechanisms  that  may  involve  direct  and  indirect  actions. on 
tumor  cell  survival.  '  ■“  '■  ;  '  '■  "  ' 

.  .H'““  Of-:'-!  ' - 

■  '  '  <  :  '  .  ,  uiir  .i:-' -'i 


#4506;  DIFFERENTiAL-^GENE  EXPRESSION  PROFILES  IN  RADIORESIS¬ 
TANT' CERVICAL  CELL’  LINES  BY  CDNA  MICROARRAYS.  Mohan  P  Achary; 
;:iagg'ernauth  Wainwright,  Eugene  'Gross, ^  Rafik  Khaiimov;  Harold  P -Klinger, 'and 
Bhadrasain  Vikram’;' A/bert  Einstefn'Coll  of  Medicine, '  Bronx.  NY ^ ‘  ‘  •' 

^  We  hypothesize  that  the  underexpression  of  overe^presslon  of  specific  gpries 
is  responsible  for  the  ability  of  a  cervical  carcinoma  pel!  to  become  radioresistant. 
To  identify  differential  expresbion'of  gbnes  in”fadiofesistant  cervicarcarciripma 
cel!  lines,  vve  initially' performed  cDNA  microarray  analysis ‘using '‘radioresistant 
HT180/1(SF2=  0.70)  and  radiosensitive  HT  137/5  (SF2^  0.28)  ceil  lines  derived 
from  two' different  patierits.  This  study  (Experiment  I)  Identified 'about  105  ovef- 
exprbssed  and  93' underexpressed  genes.  Subsequehtly.'  we  have*  undertaken 
similar  experirnents  ' but  used  twb  'paifs  of  cell  lihes,  each' pair  derived  from  a 
single  patient  tumor  (in  ordfef  to  avoid  genetic  variations  between-  individuals). 
Analysis  of  the  first  pair  of  cell  lines  [HT180/1  (SF2==  0.7)  ys.  HTI  80/8' (SF2^  0:34)] 
showed  overexpfession  of  '11  known  geneS  and  underexpressibri  of  16'  knbwn 
genes  (Experiment  ll).  In  the  second  pair  of  cell  lines  [HT137/8  (SF2=  0.48) 'vs: 
HT137/5  (SF2=  0.28)],  39  known  genes  were  overexpressed  and  9  known  genes 
were  underexpressed  infthe  radiofesistant  cell  line  (Experiment  111).  Super  .’oxide 
disrtiutase’was  found  overexpressed  .in.experimentsJ  and  III.'  Cytochrome  oxIt 
dase-C,  p53  and  ribosomal  protein  were  found,  overexpressed Jn  experiments  I 
and  !l.  Northern  blot  experiments  are  being  performed  to  verify  the  expression 
levels  obtained  for  these  genes  in  microarray  experiments. 
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#4509  EXPRESSION  Af  THE  TUMOR-REJECTION  ANTIGEN  SART3  IN 
COLORECTAL'-CANCERb.  Teruo  Sasatomi,  Damu  Yang;  Yoshiakf  Miyagi, 
Hideaki  Yanama,;  Yutaka  Dgata,  Kazuo  Shlrouzu,  and-Kyogo  itoh;'/<u/i;me  Univ 
Sch  of  Medicine,  Kurumf,  Fukuoka,  Japan  ''  '  ■  ■  ■  ,11.- 

'  'We  recently  repdrtei/ the  tumor-rejection' antigen,  SART3;  (Squamous  cell 
Antigen' Recb’gnized  b/ T  cells-3)  that  possesses  tumor  epitopes' capable  of 
Inducing.c^btoxic  T  lymphocytes  (CTiis)  in  eplthelial  cancef  patients.  This  study 
investigated  the  expr^sion  of  SART3  antigen  in  colorectal  cancers  to  explore  fof 
a  potential  molecule  tor  use  in  specific  immunotherapy  of  patients 'with  colorectal 
cancers.  The  SART3  antigen  was  investigated  by  Western' blotting' In' all  6'cblb- 
rectal;cancer‘cell  lines  and  in  37 'cob rectal  cancer  tissues.  PBMCs  of  the  hCa- 
A24'+  colorectal  cyicer  patients  were' stimulated  by  SART3  derived  peptides.'THe 
SART3  antigen  w^  detected  in  the  cytosol  and  nuclear  fraction- of  afi  e  colorectal 
cancer  cell  lines  /nd  in  27  of  39  (69%)  colorectal  cancer  tissues.  The  HLA-A24 
restricted  and,s/RT3  derived  peptides  induced  CTL's  recognized  the' H LA- A2 4+ 
and^SART3-f-  cffll6rectal  cancer  cells'.  Therefore,  the  SART3. 'antigen  could  be^a 
target  molecule -for  specific  irrimunotherapy 'of  patients  with' colorectal  cancers 
expressing  HLA-ciass  1  antigens:  Since- October  1999,- we  have  tried  the  phase  1 
clinical  trial  o/this  cancer  vaccine  for  the  HLA-A24-I-  colorectal  patients. *  '•  - 
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*^#623  Differential  Gene  Expression  Associated  with  Tumprigenicity  of 
Cultured  Green  Turtle  Fibropapillorna-Derived  Fibroblasts.  Lawrence  H. 
Herbst,  Ratna  Qhakrabarty,  Paul  A.  Klein,  and  Mohan  P.  Achary.  Albert' Einstein 
College  of  Medicine,  Bronx,  NY,  Department  of  Radiation  Oncology,  Albert  Ein¬ 
stein  College  of  Medicine,  Bronx,  NY,  University  of  Central  Florida,  Gainesville,  FL, 
and  University  of  Florida,  Gainesville,  FL 
Fibropapillomatosis  (FP)  is  a  devastating  neoplastic  disease  of  green  sea  turtles 
(Chelonia  mydas)  and  other  endangered  sea  turtle  species.  This  study  was  an 
initial  attempt  to  apply  functional  genomics  to  elucidate  the  etiopathogenesis  of 
^is  disease.  Fibroblast  cell  lines  derived  from  normal  skin  and  experimentally 
induced  tumors  taken  from  the  same  individual  turtle  were  tested  for  tumorige- 
-  nicity  in  immunodeficient  mice.  Differential  Display  RT-PCR  was  used  to  identify 
differences  in  messenger  RNA  expression  between  normal,  cells  and  tumorigenic 
FP  cells.  Four  unique  products  that  were  apparently  overexpressed  in  FP  and 
three  that  were  apparently  underexpressed  were  cloned  and  sequenced.  Differ¬ 
ential  expression  was  confirmed  for  three  products  by  Northern  blotting.  Two 
overexpressed  products  showed  extensive  sequence  matches  to  the  known 
mammalian,  cellular  genes,  3— hexosaminidase  (HEXB)  and  chain  termination 
factor  (HCGVIl),  The  product  that  was  underexpressed  in  FP‘ showed  homology 
with  mammalian  thrombospondin  (TSP-1),  a  known  tumor-suppressorgene  and 
an  inhibitor  of  angiogenesis.  All  of  the  partial  gene  sequences  identified' are  novel 
and  will  r^uire  full-length  cDNA  sequencing  to  further  characterize  them;  These' 
results  however  provide  the  foundation  for  further  investigation  to  determine  the 
role  of  each  of  these  gene  products  in  FP  pathogenesis  and  cellular  transforma¬ 
tion.  The  potential  for  some  of  these  products  to  serve  as  biomarkers  for  FP  is 
discussed.  •' 


V 

#4937'  Involvement  of  p53  and  BRCAl  genes  in  breast  cancer  in  African- 
American  and  white  women*  Mcena  Jhanwar-Uniyal,  Gina  Day  Stephenson, 
Renee  Royak-Schaier,  Chung-Xiou  Wang,  Mohanrao  Achary,  Anthony  P.  Albino, 
and  John  iWhysner.  Institute  frr  Cancer  Prevention  (American  Health  Foundatton' 
.  Cancer  Center)^  Valhalla,  NY  and  Albert  Einstein  College  Of  Medicine  and  Montefiore 
Medical  Center,  Bronx,  NY.  - 

■The  p53  and  BRCAl  tumor  suppressor  genes  play  a  key  role  in  establishing 
genome  stability.  Inactivation  or  mutation  of  p53  is  seen  in  variety  of  cancers 

including  breast  cancers.  There  have  been  discrete  p53  mutations. in  tumors  from 
African-Americans  (AA)  that  were  different  from  those  observed  in  White  Ameri¬ 
cans  (WA).  Germline  mutations  in  BRCAl  have  been  reported  in  hereditary  breast 
cancer,  but  somatic  mutations  of  BRCAl  gene  are  absent  in  sporadic  cancers. 
Recent  studies  have  shown  that  inactivation  of  BRCAl  occurs  via  the  hypermeth- 
ylation  of  the  promoter  region  of  the  BRCAl  gene.  The  purpose  of  this  study  was 
to  clarify  the  role  of  two  susceptibility  gen«  as  determinants  or  potential  modifiers 
of  outcome  differences  in  African-American  and  White  women  di^nosed  with 
breast  cancer.  AA  breast  cancer  patients  more  frequendy  have  clinical  and  patho¬ 
logical  features  of  advanced  disease  and  reduced  survival  than  their  white  counter¬ 
parts.  Well-characterized  tumor  tissues  from  94  breast  cancer  patients  (34  AA  and 
60  WA)  dis^nosed  at  two  Philadelphia  hospitals  were  screened  for  mutations  of  p53 
and  BRCAl  inactivation  using  various  methods  including  immunohistochemiscty, 
DNA-modification  followed  by  methylation-specific  PCR,  PCR-SSCP  analyses 
and  a  direct  DNA  sequencing.  Our  results  show  that:  1)  the  number  of  p53  negative 
cases  were  lower  in  AAs  as  compared  to  WAs,  2)  p53  overexpression  of  mutmt 
protein  was  more  commonly  observed  in  AAs  than  WAs,  and  also  the  number  of 
p53  mutations  were  greater  in  AAs  compared  to  WAs,  3)  hypermethyladon  of 
promoter  of  BRCAl  gene  occurred  in  cases  where  p53  was  mutated  with  concur¬ 
rent  negative  estrogen  receptor  (ER)/progesterone  receptor  (PR)  status  in  both  the 
AA  and  WA  tumors.  No  BRCAl  inaaivadon  was  detected  among  the  padents 
without  p53  mutadons  or  in  those  with  p53  mutations  and  ER/PR  positive  tumors. 
We  hypothesize  that  loss  of  expression  of  ER  and  PR  proteins  leads  to  genoimc 
instability  that  may  result  from  the  inacdvadon  of  p53  via  niutadon  and  BRCAl  via 
hypermethyladon.  Data  from  this  study  suggest  that  variadon  in  these  genedc 
susceptibility  factors  may  have  prognostic  significance  in  AA  and  WA  breast  cancer 
padents.  (Supported  by  NCI  CA 17613,  DAMD-17-99-1-9035  (MA),  DAMD- 
17-00-1-0675  (M.J-U.)) 
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ALBERT  EINSTEIN  COLLEGE  OF  MEDICINE 

OF  YESHIVA  UNIVERSITY 
1300  MORRIS  PARK  AVENUE  •  BRONX.  NEW  YORK  10461 

HAROLD  P.  KLINGER  MD,  PhD  PHONE:  (718)  430-2451 

DEPARTMENT  OF  MOLECULAR  GENETICS  FAX:  (718)  430-2454 

EMAIL  hklinger@aecotn.yu.edu 

March,  1  2001 

Dr.  Mohan  Achary 
Department  of  Radiation  Oncology 
Albert  Einstein  College  of  Medicine 
Bronx,  New  York 

Dear  Dr.  Achary, 

1  am  pleased  to  inform  you  that  the  Advisory  Committee  of  the  Iris  and  Harold  P. 
Klinger  Fund  for  a  Postdoctoral  Fellowship  Stipend  in  Molecular  Genetics  has 
approved  your  application  requesting  the  salary  support  of  the  Research  Associate, 
Dr.  Hul  Zhao,  to  work  on  your  projects  for  the  period  of  one  year.  This  support  may 
be  renewed  based  on  the  satisfactory  progress  of  the  proposed  work. 


Copies  to: 

1 .  Dr.  B.  Vikram,  Chairman,  Dept,  of  Radiation  Oncology,  AECOM/MMC. 

2.  Dr.  R.  Kucherlapati,  Chairman,  Dept,  of  Molecular  Genetics,  AECOM. 

3.  The  Advisory  Committee  of  IHPK  Fund,  NY. 
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Date:  Thu,  29  May  2003  12:06:08-0400 
From: 

To:  \ ;  ,•  .,^r 

Repfy-to; 

Subject:  DOD  FY03  Breast  Cancer  Research  Program 
Dear  Dr.  Achary 


Your  proposal  entitled 


Isolation  and  characterization  of  novel  candidategenes  associated  with  metastasis  in 

ductal  mammary 

carcinoma 

and  sent  to  the  U.S.  Army  Medical  Research 
and  Materiel  Command  DOD  2003  Breast  Cancer 
Research  Program  has  been  received  on  time . 

Your  proposal  #  BC031993 

should  be  used  in  all  future  Correspondence 
concerning  your  proposal. 

You  may  expect  to  hear  from  us  regarding  the 
funding  status  of  your  proposal  in 
December,  2003,  after  the  Programmatic 
Review  process  is  complete. 


Thank  you  for  your  interest. 

Kenneth  A.  Bertram,  M.D.,  Ph.D.,  F.A.C.P. 
Colonel,  U.S.  Army  Medical  Corps 
Director,  Congressionally  Directed 
Medical  Research  Programs 
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July  10.  2002 


Lawerence  H.  Herbst.  DVM,  PhD 
Albert  Einstein  College  of  Medicine 
Department  of  Pathology 
1300  Morris  Park  Ave. 

Bronx,  NY  10461 

Re:  D02ZO-1 09,  Albert  Einstein  College  of 
Medicine 

The  Viral  Pathogenesis  of  Marine  Turtle 
Fibropapillomatosis' 

Dear  Dr.  Herbst: 

1  am  pleased  to  inform  you  that  the  Wildlife  Scientific  Advisory  Board  (WSAB)  of  Morris 
Animal  Foundation  has  recommended  the  approval  of  the  above  referenced  proposal  and  the 
Foundation’s  Executive  Committee  has  voted  to  fund  it,  according  to  the  proposed  budget.  A 
critique  is  enclosed.  Please  review  it  and  notify  me,  no  later  than  August  1 ,  -2002,  if  you  plan  to 
alter  your  original  proposal,  based  on  any  comments  or  suggestions  stated  in  the  critique.  In 
addition,  any  future  change  in  key  personnel,  objectives,  or  protocol  during  the  study  must  be 
submitted  to  the  Foundation  for  prior  approval.. 

Contracts  are  presently  being  written  for  the  project  and  will  be  sent  to  the  appropriate 
persons  at  your  institution  for  signature.  A  copy  will  be  forwarded  to  you  as  well.  You  can 
expect  a  start  date  of  September  1 ,  2002. 

The  Foundation's  policy  is  to  withhold  50%  of  the  last  quarterly  payment  until  we  receive 
the  final  report  of  each  grant.  Our  hopes  are  to  encourage  timely  submission  of  final  reports  and 
alleviate  cumbersome  administrative  activity. 


Presents  EmeriU 
BeOy  White  Ludden 
Oona  G.  Sin^ursi 
Tom  Sutivart 

Eiectitlve  Director 
k  SecreUry 
Robcft  Hfeervodi.  DVM 


We  are  pleased  to  have  this  opportunity  to  play  a  part  in  your  on-going  contributions  to 
veterinary  medicine  and  providing  a  healthier  tomorrow  for  animals. 

Congratulations,  and  I  will  be  back  in  touch  with  you  soon.  Please  fill  out  the  enclosed 
postcard  and  return  it  as  soon  as  possible. 


KB/tlj 

Ends. 
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1.  School,  title,  mvcsligator(s)  ^ 

2.  Brief  summary  of  proposed  research  -t^rOpOSal  D02ZO-105 

3.  Relevance  to  research  inicrcsts  of  MAP  &  species  studied 

4.  Critique  of  scientific  merit 

A.  Pertinence  of  literature  review 
B-  Conciseness  of  objectives 

C.  Attainability  of  objectives 

D.  Adequacy  of  experimental  design 

E.  Appropriateness  of  data  analysis 

F.  Additional  pertinent  comments 

G.  If  pilot  study:  potential  to  support  more  definitive  study 

5.  Adequacy  of  staff  and  facilities 

6.  Adequacy  of  humane  considerations 

(should  lACUC  be  required?) 

7.  Appropriateness  of  budget 

8.  Overall  assessment  of  scientific  merit 

9.  Is  this  a  resubmission? 

10.  Is  this  a  continuation  of  a  previous  or  current  MAF  funded 

study? 


(B  egin  here  with  item  #  1 ) 

h  School,  title,  mvestigator(s):  Albert  Einstein  College  of  Medicine,  The  Viral  Pathogenesis  of 
Marine  Turtle  Fibropapillomatosis;  Lawrence  H.  Herbst,  Jack  Lenz,  Mohan  Achary  ^ 

nref/nri  nf  research:  A  novel  herpesvirus  of  green  sea  turtles  is  associated  with  the 

foTnd  w  ^  of  marine  turtles.  Fibropapillomatosis  (FP)  neoplastic  condition 

found  worldwide,  and  has  senous  implications  for  the  recovery  of  threatened  marine  turtle  snecie-;  Thp  ’ 
heipesvinispT-FPHV)  associated  with  FP  has  not  been  cu  Jed  and  there  mTb'SfvSrr^^^^^^^ 
oncogenes  that  are  responsible  for  cell  transformation  in  the  host.  This  proposal  will  complete  the 
cloning,  sequencmg,  and  characterization  of  GT-FPHV,  the  primary  candidate  causing  FP  By 
deter^nmg  the  complete  genome  sequence,  it  may  identify  potential  viral  oncogenes  responsible  for  the 
evelopment  of  neoplasia  which  is  one  of  the  specific  aims.  In  addition,  it  will  facilitate  the  development 
no^TnSA  Preliminary  data  comparing  tumor  versus 

SSL  tave  “T  “d  repr^entational  difference 

nalyse^ave  provided  additional  sequences  that  may  be  involved  in  FP.  They  may  be  other  viral  or  ho^t 

genes.  These  will  be  evaluated  to  determine  if  they  are  expressed  in  FP  tumors  and  not  normal  tissues. 
wirf«™'  ^  PrevenUon/epidenriCogy  of  disease; 

4.  Critique  of  scientific  merit 

A.  Pertinence  of  literature  review:  The  literature  review  defines  the  problem  in  historical  terms  and 
desenbes  what  has  been  done  to  identify  the  etiology.  Much  of  this  work  has  been  done  by  DrTerto 

the  PI.  The  background  on  FP  IS  presented  objectively  and  without  bias.  ^  • -nerDst, 

B.  Conciseness  of  objectives:  The  objectives  are  well  explained  and  easy  to  follow. 

C.  Attainability  of  objectives:  Between  the  pre-proposal  and  full  proposal,  progress  has  been  made 
on  detecting  mu  ttp  e  entry  points  into  the  GT-FPHV  genome  and  obtaimng  kddifonal^u^usL 

FP™  A^m  Rr°H  ’L™,™®  Aim  A  (complete  sequence  of  GT- 

HV)  Aim  B  (identification  of  other  potential  viruses  or  endogenous  oncogenes)  and  Aim  C 

(possible  mechanisms  of  tumor  formation)  will  be  accomplished  in  a  timely  manner.  Aim  D 

(expressmn  of  selected  viral  genes  in  vitro  to  produce  recombinant  antigens  for  use  in  develonine 

diagnostic  ^says  and  a  vaccine)  may  take  longer  than  the  3  year  period  requested  for  funding  but 
should  be  ultimately  attainable.  .  out 
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D.  Adequacy  of  experimental  design;  The  experimental  design  optimizes  the  likelihood  of  detecting 
other  putative  vmises  and  host  genes  that  may  play  a  role  in  the  development  of  FP.  Preliminary  data 
supports  that  the  methods  outlined  are  appropriate  and  relatively  fast  and  efficient. 

E.  Appropriateness  of  data  analysis:  Data  analysis  relates  to  genomic  analysis  of  viral  sequences 
using  well  accepted  computer  programs. 

F.  Additional  pertinent  comments:  None. 

G.  If  pilot  study:  potential  to  support  more  definitive  study:  Not  applicable. 

5.  Adequacy  of  staff  and  facilities:  The  PI,  Dr.  Herbst,  is  well-recogmzed  for  his  work  on  the  viral 
pathogenesis  of  FP  in  green  turtles.  He  has  established  FP  infected  and  uninfected  green  turtle  fibroblasts 
and  developed  the  mouse  tumorigenecity  assay  used  in  this  study.  The  co-investigators  have  considerable 
experience  with  the  molecular  techniques  described  in  the  proposal  and  have  a  solid  background  in  viral 
oncogenesis.  An  experienced  technician  will  devote  50%  effort  to  this  study  for  three  years.  All  facilities 
and  equipment  needed  to  conduct  this  study  are  present  at  Albert  Einstein  College  of  Medicine. 

6.  Adequacy  of  humane  considerations 

(should  lACUC  be  required?)  An  lACUC  has  been  submitted  to  cover  use  of  animals  in  this  study. 
The  PI  holds  the  appropriate  state  and  federal  permits  to  conduct  the  turtle  studies. 

7.  Appropriateness  of  budget:  The  budget  is  appropriate  and  well-justified.  It  is  reassuring  that  a 
medical  school  would  sign  off  on  this  proposal  when  full  indirect  costs  caimot  be  recovered. 

8.  Overall  assessment  of  scientific  merit:  This  proposal  has  the  potential  to  delineate  the  pathogenesis 
of  FP  in  marine  turtles  and  provide  antigens  for  the  development  of  diagnostic  assays  and  vaccines. 
Probability  of  success  is  quite  good. 

9.  Is  this  a  resubmission?  No 

10.  Is  this  a  continuation  of  a  previous  or  current  MAF  funded  study?  No 
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Appearance: 


The  Editors  of  Cytogenetic  and  Genome  Research  and 
the  founding  members*  of  this  Society  perceived  a  need 
for  vertebrate,  invertebrate  and  plant  cytogeneticists 
from  all  parts  of  the  world  to  have  their  own 
international  society.  To  determine  if  others  shared  this 
view  they  conducted  a  survey  of  established  and 
respected  investigators  in  the  field.  The  result  was  that 
74%  of  the  responders  found  there  was  a  need  for  such 
a  Society  and  many  expressed  a  high  level  of 
enthusiasm  for  the  proposal.  Consequently  the 
Internationa!  Cytogenetics  and  Genome  Society  (iCGS) 
was  established  in  June  of  2002. 

Main  objectives  and  functions  of  ICGS 

1,  Foster  the  exchange  of  knowledge  and  collaboration 
between  investigators  In  plant,  invertebrate,  and  vertebrate 
cytogenetics  from  different  parts  of  the  world  by  organizing 
International  conferences  and  by  providing  internet 
facilities  for  such  exchanges. 

2,  Establish  an  organization  that  will  give  cytogeneticists 
greater  visibility;  represent  them  In  various  ways;  and 
demonstrate  that  cytogenetics  Is  still  a  very  vigorous  and 
important  field. 

3.  Foster  the  VNE  WORLD’  concept  by  attempting  to 
counteract  the  propaganda  that  is  disseminated  In  some 
countries  in  respect  to  other  nations.  This  will  be  done  by 
promoting  interaction  of  investigators  of  different  countries 
and  by  promoting  training  fellowship  opportunities  in  two 
ways: 

(a)  Provide  postdoctoral  stipends  by  establishing  an 
endowed  fund  to  support  postdoctoral  trainees  from 
developing  nations. 

(b)  Encourage  and  provide  the  mechanism  for  Society 
members  to  enlist  and  support  graduate  and  postdoctoral 
trainees  in  their  laboratories. 

4.  Provide  its  members  with  very  sizable  discounts  for 
subscriptions  and  publication  costs  for  Cytogenetic  and 
Genome  Research  and  for  other  S.  Karger  journals  and 
books  (see  below  for  details).  In  addition,  we  have  also 
negotiated  sizable  rate  reductions  with  other  publishers  for 
their  publications  and  services.  See  the  (ICGS)  Internet  site 
for  details. 

Benefits  of  Membership  in  ICGS 

Members  will  be  entitled  to: 

An  88%  reduction  in  the  cost  of  personal  subscriptions  to 
Cytogenetics  and  Genome  Research  (CGR)  at  the  rates  given  below  for 
four  annual  volumes  totaling  to  16  issues  and  some  1,350  pages. 

A  25%  reduction  of  the  registration  fees  for  the  Internationa!  meetings  of 
the  Society. 

A  25%  reduction  In  the  processing  fee,  page  charges,  color  plate  fees 
and  reprint  costs  of  papers  published  in  Cytogenetic  and  Genome 
Research  (CGR), 

A  10%  reductton  In  the  cost  of  all  other  S.  Karger  AG  books  and 
journals. 

*  Aaa  hntTMk  He*  /vf  Ofl 


Member*s  rates  for  CGR  subscriptions 

Printed  version  only:  $290,00  (CHF  377.00  /  EUR  269.00),  plus 
postage,  instead  of  the  regular  subscription  price  of  $2,424.00 
(CHF  3,248.00/  EUR  2,320.80)  plus  postage. 

On-line  version  only:  $195.00  (CHF  253.50  /  EUR  182.00). 

Printed  version  and  On-line  version:  $350.00  (CHF  455.00  /  EUR 
325.00)  plus  postage. 

How  to  become  a  member  of  fCGS 

Register  on-line  at:  http://cyt8ervenaecom.yUs 
edu/ccg/icgs/icgs _ form.asp. 

You  can  also  register  by  ccmipleting  the  attached 
Membership  Application  Form  and  mailing  It  to  the 
address  given  below. 

Further  Information  about  the  Society  and  the  details  of 
membership  benefits  can  be  found  at: 
http://cytserver.aecom.yu.adu/ccg/lcgs/lcgsJnfo.htm 

The  various  activities  of  the  Society;  listings  of  plans  for 
the  international  conferences;  listings  of  other  meetings 
and  events  of  Interest  to  cytogeneticists  will  be  posted 
here. 

Advertisements  for  available  positions  will  also  be  posted 
as  well  as  those  of  individuals  seeking  employment  The 
latter  may  advertise  at  no  charge.  All  advertisements 
should  be  sent  to:  hkllngerig  aecom.yu.edu 
We  will  be  happy  to  answer  any  questions  you  may  have 
about  ICGS  and  will  also  appreciate  any  suggestions  you 
may  have. 

We  very  much  hope  you  will  join  ICGS  and  also 
encourage  other  colleagues  and  students  to  join.  On  the 
basis  of  responses  we  have  received  from  many 
colleagues  we  believe  it  will  become  an  intellectually 
stimulating  organization  from  which  Its  members  will 
derive  considerable  benefits. 

Harold  P.  Klinger,  MD,  PhD,  -  President 
Professor  of  Molecular  Genetics 
Department  of  Molecular  Genetics 
Albert  Einstein  College  of  Medicine 
1300  Morris  Park  Avenue 
Bronx,  NY  10461 
Phone:  718  430  2451 
FAX:718430  2454 
E-mail:  hklinger@aecom.yu.edu 

Mohan  P.  Achary,  PhD  -  Administrative  Associate 
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